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[57] ABSTRACT 

An implantable device and a method for the automatic 
detection of atrial arrhythmias and for providing low 
energy atrial cardioversion therapy for such arrhyth- 
mias, with minimal tissue damage and power drain, is 
disclosed. The device is capable of being incorporated 
within, and is disclosed as part of, an implantable auto- 
matic pacemaker defibrillator/cardioverter having the 
ability to also provide high energy ventricular defibril- 
lation therapy, as well as dual chamber antitachycardia 
pacing therapy and bradycardia support pacing. Tripo- 
lar atrial and ventricular endocardial leads, each includ- 
ing tip and ring pacing electrodes and a braid cardiov- 
erring electrode therein, are employed in conjunction 
with a subcutaneous electrode lead in delivering ther- 
apy from the device to the patient, allowing the device 
to be implanted in and used by a patient without the 
need to open the patient's chest cavity. A number of 
different cardioverting electrode configurations are 
selectable for the multiple implantable electrodes, and 
automatic switching from one electrode configuration 
to another is employed if cardioversion is not achieved 
using the first configuration. 

59 Claims, 12 Drawing Sheets 
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implantable devit : 3viis t i v^'.if- *>i effectively 

APPARATUS AND METHOD EMPLOYING sensing atrial fieri J uon, , : ; l <g -he abilivy i>oth to 

PLURAL ELECTRODE CONFIGURATIONS FOR switch to an atrial cardie i< ■ u« -iigu ration and to 

CARDIOVERSION OF ATRIAL FIBRIL LATI ON IN synchronize atrial cardiovr. ; . *c c .-. io the ventricu- 

AN ARRHYTHMIA CONTROL SYSTEM 5 lar rhythm of the patient, , ;rcby to viccessrully treat 

atrial arrhythmias such as '.trial iibiiiiation and atrial 

TECHNICAL FIELD flutter. 

Thisinvention relates to implantable medical devices An article entitled "Atrial Fibrillation and Embolic 
which monitor the cardiac state of a patient by sensing Complications in Paced Patients," by H. Langenfeldet 
the patient's intrinsic rhythm, atrial and ventricular 10 al, in PACE, Vol. II, pages 1667-1672, 1985, shows the 
tachycardia and atrial and ventricular fibriUation/flut- high incidence of atrial fibrillation in patients with WI 
ter, and which deliver therapy in the form of electrical pacemakers. This is said to be attributable to irritation of 
energy to cardiac tissue in an attempt to revert tachy- the atrial rhythm caused by retrograde conduction, 
cardia and restore a normal sinus rhythm. More particu- Thus, certain combined implantable defibrillator/- 
larly, the invention relates to an apparatus and method 15 pacemakers not only may contribute to the cause of the 
for cardioversion of atrial fibrillation/flutter in a dual problem of atrial fibrillation, but also have been found 
chamber arrhythmia control system. Although the in- to lack the facilities to deal successfully with atrial ar- 
vention may be incorporated in a cardioversion device rhythmias. Thus, there is a need for implantable devices 
alone, it is described herein as operating in a combined capable of successfully treating atrial arrhythmias, 
implantable antitachycardia pacing, bradycardia pac- 20 U.S. Pat No. 3,857,398 to Rubin describes a com- 
ing, defibiiUatmg/cardioverting arrhythmia control bined pacer/defibrillator. This device performs either a 
system. pacing or a defibrillation function, depending on the 

As used herein, the term ventricular tachycardia detection of a VT/VF. If a VT/VF is detected, the 

refers to any fast abnormal rhythm of the ventricle device is switched to the defibriilatmg mode. After a 

which may be amenable to treatment by electrical dis- & ^od of ^ to charge the capacitor, a defibrillation 

charges and specifically includes ventricular tachycar- ^ delivered to the patient, 

dia (YT% ventricular flutter and ventricular fibrillation A mu ltiprogrammable, telemetric. implantable defib- 

(VF), while atrial tachycardia refers to atrial fibrillation ^I&Xot is disclosed in the co-pending U.S. patent appli- 

(AF) and atrial flutter. cation Ser. No. 576,178 of Norma L. Gilli et al., entitled 

TTie term cardioversion refers to the discharge of 30 M Rcconfinnatioil ^ to Sbock for i^^tabie Defi- 

electncal energy into the cardiac tissue m an attempt to brillation » ^ device contains a bradycardia support 

terminate or revert a tachycardia and may range from a as well as a high energy defibrillation shock 

high (40 Joules or more) to a low (less than 1 Joule) * ventricular tachycardias to normal 

energy discharge. Cardioversion usuaUy refers to a low ^ reconfirmation of the presence of a 

energy discharge such as the discharge deliver^ I to die 35 ventricle of a 

atrium according to the present invention. Defibnlla- ™2T*a predetermined ^ or when the desired 

toon, however, usually refers to higher energy shocks P»"cui » « picuc c . ^^ k . - 

such as are delivered to the ventricles. By definition, as energy level ts reached. This devices not «pable of 

used herein both in the description of the invention and dcl "enng atrial ^ c^dioversion m order to alleviate the 

in the claims, the two terms may be considered as inter- 40 ^f^* 0 " ? f * tn ** 5^** on * . . # . A - 

chanseable U ' S " Pat Na 4 > 572 » 191 to Mirowski et al. describes 

. * an atrial cardioverting device that is externally driven 

BACKGROUND OF THE INVENTION by either the physician or the patient The detection of 

Atrial fibrillations have been observed after tennina- ™ arrhythmia requires the patient to recognize it, 
tion of ventricular arrhythmias by cardioversion, as 45 which is disadvantageous for a number of reasons ui- 
described in an article entitled "Comparative Efficacy cludin S medical clinic carrymg expensive equip- 
of Transvenous Cardioversion and Pacing in Patients mcnt around, or just the failure to recognize a tachycar- 
with Sustained Ventricular Tachycardia: A Prospec- Furthermore, the device is incapable of automatic 
rive. Randomized, Crossover Study," by Saksena et al., detection and reconfirmation, as well as failing in the 
in Circulation 72, No. 1, pages 153-160, 1985. Termina- 30 capacity to defibrillate the ventricles of a patient in the 
tion with transvenous cardioversion was followed by event an atrial shock accelerates the rhythm into 
occurrences of atrial fibrillation, atrial flutter and sinus VT/VF. This patent also describes the delivery of car- 
tachycardia. See, also, an article entitled "Transvenous dioversion shocks using a single pacing lead. A single 
Cardioversion and Defibrillation of Ventricular Ta- pacing lead has been found, by recent research, to be 
chyanhythmias: Current Status and Future Direc- 55 inadequate in effectively discharging a cardioversion 
tions," by Saksena et al., in PACE, Vol 8, pages shock. Significantly, the main reason for this problem is 
715-731, 1985. In this study, the incidence of supraven- that pacing leads possess a very low surface area, giving 
tricular tachyarrhythmias after transvenous cardiover- rise to a high impedance at the area of discharge. Aside 
sion was substantial. Such problems continue to exist from the device using too much power, the patient is 

In patients receiving cardioversion shocks using prior 60 subjected to a risk of tissue damage at the electrode 

art devices, it has been observed in some cases that such interface. 

post-therapy arrhythmias have been attributable to the Another problem exists with the Mirowski et al. de- 
shock being delivered during the vulnerable zone of the vice as there are no provisions therein for sensing R- 
atrium. In those cases where atrial arrhythmias occur at waves and for pacing the patient's ventricle. Therefore 
a sufficiently fast rate, there is a likelihood of this ar- 65 the device is unable to synchronize the cardioversion 
rbythmia being detected as VT/VF, resulting in the shock to the ventricle. As a result, the unsynchronized 
patient receiving an unnecessary shock to the ventricles atrial cardioversions delivered to a patient may cause 
of the patient's heart. This highlights the need for an VF, resulting in a further hazardous situation. 
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A further >. v * - ^ > is that it SUMMARY OF THE INVENTION 
is turned off . \, i n h ; x e ■ . .:■/ engaged by a 

magnet that i- r i 0, f >ov; :i o jr- t : > charge. Thus Briefly stated, and in accordance with one embodi- 

the device is h ; ;deq:u t<; ar. auioinntic implantable mentof the invention, there is pr vided an implantable 

therapeutic d< vice. Also, suwe ihv de vice is not capable * atrial cardioverting device for the reversion of atruU 

of being instituted within a pacemaker defibrillator tachycardias, comprising: means for storing electric^ 

system, it does not have provisions for allowing brady- energy; ™™ fo * detecting the presence of an atrial 

cardia pacing, single or dual chamber antitachycardia tachycardia; an decode lead system mduding a p u- 

pacing and defiWllation therapy to the ventricle, ^ ^ahty of th*"*^ 

^erefore, aside from failing to adequately cardiovert 10 ^ ovc ^ t^^^SSSS 

the atrium succ^fuDy and auto^ thc device ^^^^^ 

fails as an aU round therapeutic medial device offering at least ^ of ^ Ebdng anTtrial 
a variety of treatments to the patient endocardial electrode lead; a plurality of atrial cardio- 
It is an object of ^ version electrode configurations, each of the c^nfigura- 
improved implantable device for the automatic ^detec- ^ at lc J t two of the electrode leads; 
tion of atrial arrhythmias and for providing atrial cardi- switching mt ^ is reS ponsive to the detection of an atrial 
oversion therapy therefor. tachycardia by the detecting means for selectively con- 
It is also an object of the invention to achieve effee- ^fog ^ s^ge means to one of the atrial 
tive cardioversion of atrial fibrillation with minimal ^ cardioversion electrode configuration; means for setting 
power drain, and to prevent tissue damage due to high ^ teve | of electrical energy stored in the electrical 
voltages being discharged over a small area, such as energy storing means to an appropriate level for an 
results from the use of a single pacing electrode. atrial cardioversion shock; and, means for discharging 
It is a further object of the invention to provide a fa e store d electrical energy across the selected atrial 
device having at least two defibrillation endocardial 25 cardioversion electrode configuration, 
electrodes or other suitable electrodes of surface area fa accordance with another aspect of the invention 
substantially greater than that of a normal pacing lead, there is provided an implantable cardioverting/defibril- 
and of substantially lower impedance than the latter, lating device for the reversion of tachycardias, compris- 
and including at least one subcutaneous patch, which ing: means for storing electrical energy; means for de- 
device does not require a magnet or any other external 30 tecting the presence of an atrial tachycardia; means for 
manual switching system for turning on the power detecting the presence of a ventricular tachycardia; an 
source to charge its capacitor. electrode lead system including a plurality of electrode 
Another object of the invention is to provide an im- leads therein, each of the leads including a cardiovert- 
proved device which is on call at all times, and which is ing electrode having a substantially larger electrode 
capable of being incorporated within an implantable 35 surface area and a substantially lower electrode impe- 
automatic pacemaker defibrillator/cardioverter having dance than the surface area and impedance of a pacing 
the ability to provide defibrillation therapy to a patient's lead electrode, at least a first one of the leads being an 
ventricle, as well as antitachycardia pacing therapy and atrial endocardial electrode lead and a second one of the 
bradycardia support pacing to either or both chambers leads being a ventricular endocardial electrode lead; a 
of the heart when required. 40 P^ality of atrial cardioversion electrode configura- 
It is yet another object of the invention to provide an tions, each of the configurations including at least two 
automatic implantable device capable of delivering low elctrode leads; a plurality of ventricular defibnl- 
energy cardioversion therapy into the atrium in order to lating electrode configurations, each lof the configura- 
improve the health and safety of patients by returning *» at lcast tw0 f * c ***** 
atrial arrhythmias to normal rhythms, thereby obviating «3 f™*^?™^^ 

the need for uTecessary high energy shocks. tochycardia by saidatnal ^ h ^ a ^^^ 
a a„*u„ lr *5L JT/i^ ;« for selectively connecting the energy storage means to 
A soil further object of the invention is to minimize > cardioversion electrode configura- 
c^mphcations associated with atrial arrhy^ since Z^L^tcS^ responsive to the <to£ 
patients who have fenced atrial fibrillation have „ a ventricular tachycardia by said ventricular 
been reported to have a higher mortality rate due to ^Xectms means for selectively connecting 
embolism development the energy storage means to one of the ventricular defi- 
An additional object of the mvention is to provide a brilJatin | clcctrode configuradons; means for setting the 
device which has the ability to achieve atrial cardiover- , eve] ofelectrica i energy stored in the electrical energy 
sion, either with R-wave synchronization or during a 55 Coring mca ns to an appropriate level for atrial cardio- 
device-initiated ventricular refractory period, to insure version shock; means for setting the level of electrical 
that the vulnerable zone of the ventricle is avoided, energy stored in the electrical energy storing means to 
thereby minimizin g post-shock arrhythmias attributable ^ appropriate level for a ventricular defibrillation 
to shock delivery during the ventricular vulnerable shock; and, means for discharging the stored electrical 
zone and degeneration of the arrhythmia into VT/VF. $q energy across a selected one of the atrial and ventricular 
It is a further object of the invention to provide an electrode configurations. Preferably, the foregoing de- 
ath al cardioversion device having a plurality of elec- vice also includes means for delivering atrial and ven- 
trode configurations, and having the ability to switch tricular bradycardia and antitachycardia pacing ther- 
from one electrode configuration to another prior to the apy. 

delivery of a shock or between deliveries of consecutive 65 In accordance with a further aspect of the invention 

shocks. the foregoing device may also preferably include means 

Further objects and advantages of this invention will for sensing R-waves and delivering ventricular pacing 

become apparent as the following description proceeds. pulses; means responsive both to the detection of an 
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atrial tachycardia v.< i*. ^oc i R-wave cardial defibrillating leads, or other leads in which the 

during a predetermined pc ■ c.f tm blowing such electrodes are much larger in surface area and ^owam 
detection of an atriai tachvc-i :ia ib i.-juvcring a ven- impedance than are the electrodes in pacing leads. Al- 
tricular pacing pulse to prefix a u.nv jurat y ventricu- ternatively, subcutaneous defibrillation patches as well 
lar refractory condition; and means for -iming the deliv- 5 as epicardial patches, or any combination, thereof may 
ery of the atrial cardioversion shock :o occur during be used in conjunction with the endocardial leads, 
such temporary refractory condition. Additionally, it BRIEF DESCRIPTION OF THE DRAWINGS 
may also preferably include means responsive both to t 
the detection of an atrial tachycardia and to the detec- Further objects, features and advantages of the inven- 
tion of an R-wave during a predetermined period of 10 tion will become apparent upon consideration of the 
time following such detection of an atrial tachycardia following detailed description in conjunction with the 
for timing the discharging of the stored electrical en- drawings, in which: 

ergy to synchronously occur during an absolute ven- FIG. 1 depicts a block diagram of a dual chamber 
tricular refractory period which occurs following the arrhythmia control system; 

R-wave. 15 FIG. 2A depicts a block diagram of a defibrillator 

In accordance with another aspect of the invention shown in FIG. 1; 
there is provided a method of operating an implantable FIG. 2B depicts a block diagram of a pacemaker 
atrial tachycardia cardioverting device, the device in- shown in FIG. 1; 

eluding an electrode lead system having a plurality of FIG. 3 depicts a block diagram of a microprocessor 
electrode leads therein, each of which leads includes a 20 shown in FIG. 1; 

cardioverting electrode having a substantially larger FIG. 4A shows an electrocardiogram (ECG) of a 
surface area and lower electrode impedance than the ventricular fibrillation treated by ventricular defibnlla- 
surface area and impedance of a pacing lead electrode, tion; . , ~ „ • 

at least one of the leads being an atrial electrode, the FIG. 4B shows an ECG of an atrial fibrillation 
device further including a plurality of atrial cardiover- 25 treated by atrial cardioversion; 
sion electrode configurations, each of the configura- FIG. 4C shows an ECG of treatment of an atrial 
tions including at least two of the electrode leads, the fibrillation by first and second atrial cardioversion at- 
method comprising the steps of: tempts, wherein the first cardioversion attempt fails to 

A) detecting the presence of an atrial tachycardia; revert the fibrillation and the electrode configuration is 

B) storing a charge of electrical energy at an appropri- 30 switched prior to the second cardioversion attempt; 
ate level for an atrial cardioversion shock; FIG. 4D shows an ECG of a ventricular fibrillation 

C) connecting the stored charge of electrical energy to which, after defibrillation therapy, initiates an atrial 
one of the electrode configurations; fibrillation which in turn causes atrial cardioversion to 

D) delivering cardioversion shock therapy across such be applied; 

one of such electrode configurations; 35 FIG. S depicts a flow diagram of the treatment of 

E) determining whether the shock therapy has reverted atrial fibrillation in a dual chamber arrhythmia control 
the atrial tachycardia, and if it has not, system according to the invention; 

F) storing another charge of electrical energy at an FIG. 6 shows a prior art lead configuration in an 
appropriate level for an atrial cardioversion shock; externally controlled atrial cardioverter; 

G) connecting the stored other charge of electrical 40 FIG. 7A depicts a unidirectional lead configuration 
energy to another one of the electrode configura- according to the invention; 

tions; and FIG. 7B depicts a further unidirectional lead configu- 

H) delivering cardioversion shock therapy across such ration according to the invention; 

other one of the electrode configurations, FIG. 7C depicts a bidirectional lead configuration 

The device and method may further include provi- 45 according to the invention; 
sions for antitachycardia pacing when a tachycardia is FIG. 7D depicts another mridirectional lead configu- 
detected. The antitachycardia pacing may take the form ration according to the invention; 
of either a single chamber or a dual chamber algorithm FIG. 7E depicts a still further unidirectional lead 
such as is described in U.S. Pat. No. 4,998,974, entitled configuration according to the invention; 
"Apparatus and method for Antitachycardia Pacing in 50 FIG. 7F depicts another bidirectional lead configura- 
Dual Chamber Arrhythmia Control System", to N. L. tion according to the invention; 
Gilli, the present inventor, which patent is assigned to FIG. 8 is a plan view of a ventricular endocardial lead 
the assignee of the present invention. The antitachy- having a cardioyerting electrode and a pair of pacing 
cardia pacing is preferably issued prior to cardioversion electrodes therein; 

or other treatment of a secondary arrhythmia. Also, 55 FIG. 9 is a plan view of an atrial endocardial lead 
should the atrial cardioverting shock accelerate or de- having a cardioverting electrode and a pair of pacing 
generate the arrhythmia to a VF or VT, defibrillator electrodes therein; 

shock therapy is preferably available. In such a situation FIG. 10 is a perspective view of a subcutaneous patch 
the device uses the switching configuration to switch to electrode lead which may be used with the invention; 
the defibrillator electrode system at an appropriate en- 60 and, 

ergy level. However, to prevent the occurrence of a FIG. 11 is a plan view, in partial cross-section, of a 
cardioverting shock causing a ventricular arrhythmia subcutaneous braid electrode lead which may be used 
when the ventricles are non-refractory, and in the ab- with the invention. 

sence of a sensed R-wave, a ventricular pace may be B EST MODE OF THE INVENTION 

used just prior to the time that the shock is delivered to 65 

the atrium. If an R-wave is present, the atrial cardiover- Referring to FIG. 1, there is depicted a block diagram 
sion is synchronized with it to prevent VF develop- of an implanted dual chamber arrhythmia control sys- 
ment. The invention is effectively achieved with endo- tem or device 10, which comprises: an atrial cardiac 
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lead 21 for sensing and pacing in the atrium and a ven- trode Leads and Catheters and Methods for Usui 3 Xav. 

tricular cardiac lead 31 for sensing and pacing in the Same," which patent is assigned to the assignee of t-.ic 

ventricle, the distal end portions of both of which are present invention. Alternatively, in another embo* ii- 

positioned in the patient's heart 11; a pacemaker 17 for ment, the subcutaneous electrode lead 152 may be pio- 

the detection of analog signals representing cardiac 5 vided with a conventional patch electrode, as shown in 

electrical activity, and for the delivery of pacing pulses FIG. 10. 

to the heart; a microprocessor 19 which, in response to Telemetry circuitry, shown at 30, provides a bidirec- 

various inputs received from the pacemaker 17 as well tional Hnk between a defibrillator control block 239 and 

as from a defibrillator 16, performs various operations an external device such as a programmer (not shown). It 

so as to generate different control and data outputs to 10 allows data such as the operating parameters to be read 

both the pacemaker 17 and the defibrillator 16; a power from or altered in the implanted device 10. 

supply 18 for the provision of a reliable voltage level; The defibrillator control block 239 is connected to 

defibrillator 16 which produces a high voltage to the atrial shock circuitry 213 by means of an atrial endo- 

charge its capacitors and then discharges them in re- cardial control line 210. The control block 239 is con- 

sponse to control signals from the microprocessor 19; 15 nected to the ventricular shock circuitry 214 by means 

and an atrial endocardial cardioversion electrode lead of a ventricular endocardial control line 211. The sub- 

150, a ventricular endocardial defibrillation electrode cutaneous electrode shock circuitry 215 is connected to 

lead 151 and a subcutaneous electrode lead 152, for control block 239 by means of a subcutaneous electrode 

transferring the energy of a cardioversion/defibrillator control line 212. A number of control signals pass be- 

shock 15 from the implanted device 10 to either the 20 tween microprocessor 19 and defibrillator control block 

atrium or the ventricle of the heart 11. Further details in 239. These control signals include the aforementioned 

regard to leads 150, 151 and 152 are hereinafter pro- atrial endocardial charge control signal on line 201, the 

vided in connection with discussions of FIGS. 2A, switching control signal on line 202, the various signals 

7A-7F, and 8-11. on communication bus 203, the atrial endocardial shock 

A number of control signals pass between the micro- 25 control signal on line 204, the ventricular endocardial 

processor 19 and defibrillator 16. These control signals shock control signal on line 205, the ventricular endo- 

include an atrial endocardial charge control signal in cardial charge control signal on line 206, the subcutane- 

line 201, and a switching control signal on line 202. The ous electrode charge control signal on line 207, the 

switching control signal on line 202 switches the defib- ventricular endocardial shock energy control signal on 

rillator 16 (which in addition to providing ventricular 30 line 208, the atrial endocardial shock energy control 

defibrillation shocks also provides atrial cardioversion signal on line 209, and the dump control signal on line 

shocks) among various electrode configurations avail- 58. 

able to it for providing either defibrillation to the ventri- Referring to FIG. 2B, there is depicted a block dia- 

cles, by means of a ventricular defibrillation lead config- gram of the pacemaker 17 of FIG. 1. Pacemaker 17 

uration (see, e.g., FIG. 7D), or cardioversion to the 35 comprises atrial pacing circuitry 24, ventricular pacing 

atrium, by means of an atrial cardioversion lead config- circuitry 34, atrial sensing circuitry 25, ventricular sens- 

uration (see, e.g., FIG. 7B). These lead configurations ing circuitry 35, and the aforementioned telemetry cir- 

are described in greater detail hereinafter in connection cuitry 30. In addition, pacemaker 17 includes a pace- 

with a discussion of FIGS. 7A to 7F. Other control maker control block 39. 

signals passing from the microprocessor 19 to the defib- 40 In operation, the sensing circuits 25 and 35 detect 
rillator 16 include those on a communication bus 203, an atrial and ventricular analog signals 23 and 33, respec- 
atrial endocardia] shock control signal on line 204, a tively, from the heart 11 and convert the detected sig- 
ventricular endocardial shock control signal on line 205, nals to digital signals. The sensing circuits 25 and 35 
a ventricular endocardia] charge control signal on line respectively receive an input atrial sense control signal 
206, a subcutaneous electrode charge control signal on 45 via line 27 and an input ventricular sense control signal 
line 207, a ventricular endocardial shock energy control via line 37 from the control block 39, which signals 
signal on line 208, an atrial endocardia] shock energy determine the sensitivity applied to the detection cir- 
control signal on line 209, and a dump control signal on cuits. A change in this sensitivity will affect the voltage 
line 58. deviation required at the sensing electrode for a sense to 
Referring to FIG. 2A there is depicted a block dia- 50 be registered. The operation of the logic which changes 
gram of the defibrillator 16 of FIG. 1. Circuitry for the sensitivity is described in more detail in U.S. Pat 
providing an atrial cardioversion shock is shown at 213; No. 4,940,054 to Richard Grevis and Norma L. Gilli, 
circuitry for providing a ventricular defibrillation shock entitled "Apparatus and Method for Controlling Multi- 
is shown at 214; and circuitry for providing a subcuta- pie Sensitivities in Arrhythmia Control System Includ- 
neous electrode shock is shown at 215. The atrial endo- 55 ing Post Therapy Pacing Delay.** 
cardial lead 150 connects the atrial shock circuitry 213 The pacing circuits 24 and 34 also respectively re- 
to the atrium of the heart 11. The ventricular endocar- ceive an input atrial pacing control signal and an input 
dial lead 151 connects the ventricular shock circuitry atrial pacing energy control signal via line 28, and an 
214 to the ventricle of the heart 1L The subcutaneous input ventricular pacing control signal and an input 
electrode lead 152 connects the subcutaneous electrode 60 ventricular pacing energy control signal via line 38, 
shock circuitry 215 to a subcutaneous electrode at the from the pacemaker control block 39. The pacing con- 
distal end of lead 152. Preferably, the endocardial leads trol signals determine the type of pacing to occur, while 
150 and 151 and the subcutaneous electrode lead 152 are the magnitude f the pulse energy is determined by the 
provided with large surface area, low impedance elec- pacing energy control signals. The operation of the 
trodes adjacent their distal ends such as the braid elec- 63 logic which changes the pulse energy is described in 
trodes, described briefly herein in connection with more detail in U.S. Pat No. 4,869,252, entitled "Appa- 
FIGS. 8, 9 and 11, and described in greater detail in U.S. ratus and Method for Controlling Pulse Energy in An- 
Pat. No. 5,005,587 to S. E. Scott, entitled "Braid Elec- titachyarrhythmia and Bradycardia Pacing Devices," 
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to Normal L. GQH. The pacing circuits 24 and 34 gener- to the ventricle f the patient's heart "-Normal I smus 
ate the atrial pacing pube22 and the ventricular pacing rhythm (NSR) 182 results, indicating effective therapy. 
P ulse32whichareddiveredtothepati«if a heartllby Referring to FIG 4B in conjunct™ witb i Fia 1 
means of the atrial cardiac lead 21 and the ventricular there is depicted an ECG trace ondmmg . low energy 
cardiac lead 31, respectively. ' cardioversion shock sequence of device 10. As shown 

Telemetry circS^30, which was discussed earlier an AF has developed at 183 Pnor to the dehvery of 
in connection with a discussion of the defibrillator 16, low energy cardioversion shock t ^^* t " 5 ;™ 
also provides a bidirectional link between the pace- ™**« to apiogr^ed elec^e co^g^a_ 

maker^ontrol block 39 and an external device such as a tion at 184 (eg., the fJ1^2££ 
programmer (not shown). It allows data such as the » checks for the presence of R-wnves m •*« ventoc^ 

inugiam^ v _ . . . ,. The csoacitor (not shown) in defibrillator 16 is charged 

operating peters to be read from or altered in the low energy level for atrial cardiover- 

implanted device 10. £on\nd when ready to aebver, it waits for a program- 

An atrial sense signal and » /enmcular sense signal ^^*^ y wh M . normal pacing standby 
pass via respective lines 45 and 49 from the pacemaker ^J^gs^ If during this time anTwave is not 
control block 39 to the niicroproccssor 19. Passuig from « g^^J^ to Atrial cardiovexsion shock, a 
the microprocessor 19 to the control block ^ arc an ^^^Sivered to the v«tride. The tin^ng of 
atnal pace control signal on line 46, an atrial sensitivity g£ »F fe ^ ^ u reodm ^ vcn tricle 

control signal on line 43, an atrial pacing energy control dco ^ iz ^ d during the subsequent delivery of the low 
signal on line 44, a ventricular pace control signal on ^ shQc ^ ^ between the delivery of the 

line 50, a ventricular sensitivity control signal on bne ventricular pacing pulse and the delivery of the shock is 
47, and a ventricular pacing energy control signal on ^ « sho rt In the preferred embodiment, this interval 
line 48. A communication bus 42 is employed for com- kioOmsbut it may be longer or shorter than this value 
municating various other signals between the control — that the ventricle is depolarized at the time of 
block 39 and the microprocessor 19. 25 dc jj vcry c f ^ ) ow energy cardioversion shock. If dur- 

Referring to FIG. 3, there is shown a block diagram . ^ 857 m period an R-wave is detected, 

of the microprocessor 19 of FIG. 1. It comprises two ^ ^ cantfoversion therapy is delivered within 100 
16-bit timers 51 and 52, a central processing unit or ms . This results in a synchronized atrial cardioversion 
CPU 53, a vectored interrupts block 54, a read only (j^, it b synchrc*iized with the last inherent R-wave) so 
memory or ROM 55, a random access memory or RAM ^ that at the moment of delivery the ventricles are refrac- 
56, an external memory 57, a ports block 41 and an tory the purpose of preventing VFs from 

internal communication bus 40. developing. As shown, the cardioversion shock at 185 

Microprocessor 19 receives various status and/or ^ SUCC eeded in reverting the atrial arrhythmia, and 
control inputs from pacemaker 17 and defibrillator 16 normal sinus rhythm 186 is now present in the patient, 
such as the sense signals on lines 45 and 49, performs 35 Referring to FIG. 4C in conjunction with FIG. 1, 
operations such as arrhythmia detection, and produces there is depicted an ECG trace outlining another low 
outputs such as the atrial pace control signal on line 46 energy cardioversion shock sequence of device 10. As 
and the ventricular pace control signal on line 50, which shown, an AF has developed at 187. As described with 
determine the type of pacing to take place. Other con- reference to FIG. 4B, and assuming the device is in a 
trol outputs generated by microprocessor 19 include the 40 first programmed electrode configuration (e.g., the con- 
atrial and ventricular pacing energy control signals on figuration of FIG. 7A), a check is made for R-waves 
respective lines 44 and 48 which determine the magni- ^ a pacing pulse is delivered to the ventricle 100 ms 
tude of the pulse energy, the dump control signal on line prior to the delivery of low energy cardioversion shock 
58 which indicates that a shock is to be dumped at an therapy at 188. The ventricular pacing pulse renders the 
internal load within the defibrillator, and the various 45 ventricle depolarized during the subsequent delivery of 
charge control signals on lines 201, 206, and 207 which the cardioversion shock. Following cardioversion 
determine the voltage level of the shock to be delivered shock delivery, an AF is still shown to be present at 189, 
Other output signals pass from microprocessor 19 to the with reconfirmation of the AF shown at 190. At this 
defibrillator control block 239. These control signals, point, as shown at 191, there is a change or switch in the 
mentioned earlier herein, include the switching control so electrode configuration, according to programmed in- 
signal on line 202, the various signals on communication structions and the electrode configuration combinations 
bus 203, the atrial endocardial shock control signal on available, to a second programmed electrode configura- 
line 204, the ventricular endocardial shock control sig- tion (eg., the configuration of FIG. 7B). As described 
nal on line 205, the ventricular endocardial shock en- with reference to FIG. 4B, and above, a test for R- 
ergy control signal on line 208, and the atrial endocar- 55 waves again occurs and within 100 ms of detection of 
dial shock energy control signal on line 209. Other the R-wave, a cardioversion shock is delivered, at 192, 
control outputs from the microprocessor include the utilizing the changed electrode configuration to im- 
atrial and ventricular sensitivity control signals on lines prove cardioversion effectiveness. Reversion of the 
43 and 47, respectively, which determine the sensitivity atrial fibrillation and resultant establishment of normal 
settings of the pacemaker sensing circuits- 60 sinus rhythm is shown at 193. 

Referring to FIG. 4A in conjunction with FIG. 1, Referring to FIG. 4D in conjunction with FIG. 1, 
there is depicted an electrocardiogram or E<GG trace there is depicted an ECG trace outlining a VF 194 for 
outlining the application of the device 10 in treating a which a high energy defibrillation shock 195 is deliv- 
VF shown at 180. The device 10 charges a capacitor ered in an attempt to revert the VF. Although the high 
(not shown) in defibrillator 16 to an appropriate high 65 energy shock 195 in this instance has successfully re- 
energy level for defibrillation, switches to a pro- verted the ventricular fibriuation, utilizmg the elects 
grammed electrode configuration (eg. the configura- configuration of FIG. 7D for example, an atrial fibrilla- 
tion of FIG. 7D) and delivers a defibrillation shock 181 tion 196 has developed post-shock. The AF is recon- 
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finned at 197. A change in the electrode 5' it" * 
configuration is then given at 198 (e.g. to the c. . c 
configuration of FIG. 7B), and atrial car.ii«;v< 
therapy is applied at 199. The AF is shown as a :/i v. 
been successfully reverted to normal sinus rbytl m a 
200. 

Referring now to FIG. 5 there is depicted a flow 
chart showing the sequence of events occurring during 
operation of the implantable arrhythmia control system. 
The start or standby mode is shown at block 160. A 10 
tachycardia detection decision occurs at block 161. If 
no tachycardia is present, as indicated at 162, there is a 
return to the standby mode of block 160. If a tachycar- 
dia is detected, as indicated at 163, it is examined to 
determine whether or not it is an AF at block 164. If it 15 
is not an AF, as indicated at 165, then it is examined to 
determine whether or not it is a VT/VF at block 175. If 
it is not a VT/VF, as indicated at 176, there is a return 
to the standby mode of block 160. If a VT/VF is pres- 
ent, as indicated at 177, then at block 178 defibrillation 20 
therapy is applied by the device to the ventricle of the 
patient. 

In the particular embodiment illustrated in FIG. 5, 
there is only one electrode configuration available at ^ 
block 178 for defibrillating the ventricles, and that is the 
one shown in FIG. 7D. Thus the device automatically 
switches to this configuration at VT/VF detection. 
Hence, there is no need to pass via block 167, which 
specifically relates to changing electrode configurations 3Q 
in connection with atrial cardioversion. If an AF is 
classified at block 164, as indicated at 166, then the 
electrode configuration is switched to the appropriate 
setting at block 167. At block 168, the AF is recon- 
firmed. 35 

When the device is ready to deliver a cardioversion 
shock, it waits at block 179 for a programmed standby 
interval such as 857 ms to detect the presence of an 
R-wave. If no R-wave is detected during the pro- 
grammed standby interval, then a ventricular pace is ^ 
provided by the device at block 169 to depolarize the 
ventricle at a programmed time interval such as 100 ms 
before the shock is delivered. If an R-wave is detected 
during the programmed standby interval, then at block 
170 the device synchronizes the shock delivery with the 45 
patient's R-wave and, within 100 ms of the R-wave, 
delivers the atrial cardioversion therapy at block 171. 

At block 172, the device checks for the success of the 
therapy. If successful, as shown at 173, there is a return 
to the standby mode of block 160. If die cardioversion 50 
therapy is not successful, as shown at 174, there is a 
return to the AF classifier at block 164. If an AF is still 
present at block 166, there is a change in the electrode 
configuration at block 167 and a repeat of cardioversion 
therapy with the new electrode configuration. 55 

FIG. 6 shows a prior art lead configuration for an 
externally controlled atrial cardioverting device (not 
shown). It comprises a two-electrode single pacing lead 
153 positioned in the atrium of the heart 11, as shown. 

FIG. 7A depicts a unidirectional lead configuration 60 
according to the invention, including atrial endocardial 
J-tead 150 in the atrium, ventricular endocardial lead 
151 in the ventricle and subcutaneous electrode lead 
152. In this configuration the atrial endocardial lead 150 
is charged negatively and the endocardial ventricular 65 
tead 151 is charged positively. No charge is applied to 
the subcutaneous electrode lead 152. Thus, at delivery 
there is a unidirectional discharge with the waveform 
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hown by arrow A, from the electrode of 
. 0 to the electrode of ventricular, lead 151. 
i . picts a further unidirectional lead configu- 
ring to the mvention, including atrial endo- 
u 150 in the atrium, ventricular endocardial 
} <ci •;■ m the ventricle and subcutaneous electrode 
} ': In this configuration the atrial endocardial 
] -\d K is charged positively, the endocardial ventricu- 
1 u* leaf- 151 is uncharged, and a positive charge is ap- 
plied to (he subcutaneous electrode lead 15Z Thus, at 
delivery there is a unidirectional discharge with the 
waveform direction as shown by arrow B, from the 
electrode of ventricular lead 151 to the electrode of 
subcutaneous electrode lead 152. 

FIG. 7C depicts a bidirectional lead configuration 
according to the invention, including atrial endocardial 
lead 150 in the atrium, ventricular endocardial lead 151 
in the ventricle and subcutaneous electrode lead 152. In 
this configuration the atrial endocardial lead 150 is 
charged positively, the ventricular endocardial lead 151 
is charged negatively and a positive charge is applied to 
the subcutaneous electrode lead 152. Thus, at delivery 
there is a bidirectional discharge with the waveform 
directions as shown by arrows CI and C2, from the 
electrode of ventricular lead 151 to both the electrode 
of atrial lead 150 and the electrode of subcutaneous 
electrode lead 152, respectively. 

FIG. 7D depicts a further unidirectional lead config- 
uration according to the invention, including atrial en- 
docardial lead 150 in the atrium, ventricular endocar- 
dial lead 151 in the ventricle and subcutaneous elec- 
trode lead 152. In this configuration the atrial endocar- 
dial lead 150 is uncharged, the endocardial ventricular 
lead 151 is charged negatively and a positive charge is 
applied to the subcutaneous electrode lead 152. Thus, at 
delivery there is a unidirectional discharge with the 
waveform direction as shown by arrow D, from the 
electrode of ventricular lead 151 to the electrode of 
subcutaneous electrode lead 152. 

The electrode configuration of FIG. 7D is suitably 
used in the preferred embodiment for defibrillation 
therapy to the ventricle in the case of VT. The device 
switches to this electrode configuration by means of a 
switching control signal sent from microprocessor 19 to 
defibrillator 16 on line 202 (FIG. 1), and the energy of 
the shock to be delivered is adjusted to the higher en- 
ergy required for defibrillation by means of a ventricu- 
lar endocardial shock energy control signal and a sub- 
cutaneous electrode charge control signal sent from 
microprocessor 19 to defibrillator 16 on lines 208 and 
207, respectively. 

FIG. 7E depicts a further unidirectional lead configu- 
ration according to the invention, including atrial endo- 
cardial lead 150 in the atrium, ventricular endocardial 
lead 151 in the ventricle, and subcutaneous electrode 
lead 152. In this configuration the atrial endocardial 
lead 150 is charged positively, the endocardial ventricu- 
lar lead 151 is charged negatively and no charge is 
applied to the subcutaneous electrode lead 152. Thus, at 
delivery there is a unidirectional discharge with the 
waveform direction as shown by arrow E, from the 
electrode of ventricular lead 151 to the electrode of 
atrial lead 150. 

FIG. 7F depicts another bidirectional lead configura- 
tion according to the invention, including atrial endo- 
cardial lead 150 in the atrium, ventricular endocardial 
lead 151 in the ventricle and subcutaneous electrode 
lead 152. In this configuration the atrial endocardial 
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lead 150 Is charged negatively, the ventricular endocar- pacing catheter or it: . > \ ; ally 

dial lead 151 is charged negatively and a positive charge similar to lead 110 of : u mbly 

is applied to the subcutaneous electrode lead 152. Thus, 112A having a pacing i . } . iet <. ^ pacing 

at delivery there is a bidirectional discharge with the ring electrode 116A. riz i : d j i >.v u * ; ; >Iyure- 
wavefonn directions as shown by arrows Fl and F2, 5 thane tube having tw,» small iur u n a ul aic terge In- 
from the electrodes both of atrial lead 150 and ventricu- men. Electrical connection is n d o ir > electrode 
lar lead 151, respectively, to the electrode of subtaneous 114A and ring electrode 116A by (wo separate wire 
electrode lead 151 conductors (not shown) each of which extends along 

Referring to FIG. 8, a ventricular endocardial defi- the length of one of the lumens of lead 110A and termi- 
brillation electrode lead 151 that may be used in connec- 10 nates in a connector 126A having pins USA and 130A 
tion with the present invention has there been illustrated which are electrically connected to terminals 1 14 A and 
as part of a tripolar endocardial ventricular defibrilla- 116A, respectively, by the aforesaid conductors. The 
tion and pacing catheter or lead 110. Lead 110 includes pins 128A and 130A are received by the pacemaker 17 
a conventional tip assembly 112 having a distal tip elec- (FIG. 1) and, together with the aforesaid conductors, 
trode 114 and a band or ring electrode 116 for. pacing 15 constitute the atrial cardiac lead 21 of FIG. 1 that con- 
and sensing, as is well known in the art As is also well nects to the pacemaker 17 of FIG. 1 for providing atrial 
known, tip electrode 114 and ring electrode 116 may be pacing stimulation to the heart and for receiving sensed 
formed of a 90% platinum- 10% iridium alloy covered atrial signals therefrom. 

with porous platinum. The lead 110 comprises a poly- As in the case of the lead 110 of FIG. 8, lead 110A of 
uretbane tube having two small lumens and one large 20 FIG. 9 includes a hub or Y-connector 132A from which 
lumen (not shown) therein. separate polyurethane tubes 134A and 136A extend to 

Electrical connection is made to tip electrode 114 and connector 126A. The aforesaid wire conductors extend 
ring electrode 116 by two separate wire conductors (not through hub 132A and then through respective tubes 
shown). Each conductor extends along the length of 134A and 136A, thus providing electrical connection to 
one of the lumens of lead 110 and terminates in a con- 25 corresponding ones of the pins 128A and 130A. 
nector 126 of a type well known in the art Connector As before, lead 110A has placed, externally along a 
126 includes pins 128 and 130 which are electrically portion of its length, a cylindrical, braid, cardioverting 
connected to terminals 114 and 116, respectively, by the electrode 142A. Electrical connection to electrode 
aforesaid conductors. The pins 128 and 130 are received 142A is made by collapsing that portion of the braid not 
in the neck (not shown) of the implanted device 10 30 used as part of electrode 142A into a rope (not shown), 
(FIG. 1) and, together with the aforesaid conductors, and passing the rope through a small opening into the 
comprise the ventricular cardiac lead 31 that connects large lumen of the lead 110 A. This rope conductor 
to the pacemaker 17 of FIG. 1 for providing ventricular extends into an insulating tube 138A having a first end 
pacing stimulation to the heart and for receiving sensed terminating in hub 132A and a second end terminating 
ventricular signals therefrom. 35 in a defibrillator connector 140A. Connector 140A has 

Lead 110 includes a hub or a Y connector 132 from a connection pin 144A extending therefrom. Connec- 
which separate polyurethane tubes 134 and 136 extend tion pin 144A is electrically connected to the end of the 
to connector 126. The aforesaid wire conductors extend rope conductor and is received in the neck (not shown) 
through hub 132 and then through respective tubes 134 of the device 10 (FIG. 1). The rope conductor, connec- 
and 136, thus providing electrical connection to corre- 40 tor 140A and pin 144A constitute the lead 150 which 
sponding ones of pins 128 and 130. connects to the defibrillator 16 (FIG. 1) for conducting 

Lead 110 has placed, externally along a portion of its endocardial carmovertmg/defibrillating shocks 15 to 
length, a cylindrical, braid, cardioverting electrode 142. the atrium of the heart. 

Electrical connection to electrode 142 is made by col- As in the case of the cardioverting electrode 142 of 
lapsing that portion of the braid not used as part of 45 FIG. 8, the cardioverting electrode 142A of FIG. 9 has 
electrode 142 into a rope (not shown), and passing the a substantially larger surface area, and consequently a 
rope through a small opening into the large lumen of the lower electrode impedance, than the surface area and 
lead 110. This rope conductor extends into an insulating impedance of pacing lead electrodes 114A and 116A. 
tube 138 having a first end terminating in hub 132 and a This facilitates the transmission of the cardioversion 
second end terniinating in a defibrillator connector 140. 50 shock therapy to the heart. 

The connector 140 has a connection pin 144 extending Referring now to FIG. 11, a subcutaneous electrode 
therefrom. Connection pin 144 is electrically connected lead 152 having a preferred form of multi-element, 
to the end of the rope conductor and is received in the braided electrode, shown generally at 90, has there been 
neck (not shown) of the device 10 (FIG. 1). The rope illustrated. An inner tube 92 of, for example, polyure- 
conductor, connector 140 and pin 144 constitute the 55 thane material is surrounded by a cylindrical braid 94 
lead 151 which connects to the defibrillator 16 (FIG. 1) which extends to a distal end 96 of the tube to form a 
for conducting endocardial cardiovertmg/defibrillating finger 97. Inner tube 92 and braid 94 are terminated by 
shocks 15 to the ventricle of the heart As is apparent a polyurethane cap 98 which is provided with a reduced 
from an inspection of FIG. 8, the cardioverting/defi- diameter plug portion (not shown) that fits into the 
brillating electrode 142 has a substantially larger elec- 60 distal end 96 of tube 92 and is adhered in place by a 
trode surface area, and consequently a lower electrode suitable medical adhesive. An outer insulating tube 100, 
impedance, than the surface area and impedance of for example of polyurethane, fits snugly about the prox- 
pacing lead electrodes 114 and 116. This facilitates the imal portion of braid 94. 

transmission of the cardioversion shock therapy to the The proximal ends of each of two braids 104A and 
heart 65 104B are cut to dimensions slightly longer than the 

Referring now to FIG. 9, an atrial endocardial cardi- distance from distal end 96 to connecting sleeve 102 and 
verting lead 150 has there been illustrated as part of a are wrapped about and braised to metallic sleeve 102. 
J-typc tripolar endocardial atrial cardioverting and Braising is used so as to firmly mechanically and electri- 
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cally co> n : >e V £, braid 104A 

and bna i - 

Respe :t ? ■ ■ preferably formed 

of the sa; at.- a ;o 5 ^ ;wd having a length 

somewhat h rX ■« ? • ' from distal end 96 5 

to connecting s\w, i> _-, ax »V^:d within braids 104A 
and 104B, respect h y u> Jb/.n fingers 107A and 107B 
of stiffness compar- i k tt> that of finger 97. 

The distal ends of fingers 107 A and 107B are termi- 
nated by caps 108A and 108B, respectively, in the same 10 
manner as described above in connection with cap 98 
and tube 92. A portion of the lead 90, including the 
distal end 99 of outer tube 100, extends distally to a 
region 105. Collapsed portions of braid 104A and 104B 
extend past the proximal ends of tubes 106A and 106B, 15 
and therefore past the proximal ends 101A and 101B of 
fingers 107A and 107B. These components are all held 
in a moid (not shown), during manufacture, having a 
cavity into which polyurathane material is placed so as 
to form a trifurcation 103. The fingers 97, 107A and 20 
107B have lateral spacing between them so that they 
may be fitted into adjacent intercostal spaces. To this 
end, a small taper angle may be established between 
outer tube 100 and fingers 107A and 107B. 

Although a multi-fingered subcutaneous braided 25 
electrode 90 has been illustrated in FIG. IX* it is to be 
understood that one or more single-fingered subcutane- 
ous braided electrodes could be utilized in practicing 
the invention, or that more than one of such multi-fin- 
gered subcutaneous electrodes can be employed in uti- 30 
lizing this invention. In use, these electrodes are posi- 
tioned subcutaneously, outside the chest cavity, in prox- 
imity to the heart. 

Referring now to FIG. 10, an alternative embodiment 
of a subcutaneous electrode lead 152 has there been 35 
illustrated. The electrode lead 152 in this embodiment is 
provided with a subcutaneous patch electrode 80 hav- 
ing an insulated back 82 and an active wire mesh elec- 
trode face 84. An insulated electrical conductor 86 ex- 
tends from patch electrode 80 and terminates at a defi- 40 
brillation connector (not shown), similar to connector 
140 of FIG. 8 and having a pin similar to pin 144 of FIG. 
8 extending therefrom. The insulated electrical conduc- 
tor 86 constitutes a portion of the subcutaneous elec- 
trode lead 152 in the embodiment of FIG. 10. 45 

It will be apparent from the foregoing description 
that the present invention provides an improved im- 
plantable device both for the automatic detection of 
atrial arrhythmias, and for providing low energy atrial 
cardioversion therapy for such arrhythmias with mini- 50 
mal tissue damage and power drain. The invention is 
capable of being incoporated within an implantable 
automatic pacemaker defibrillator/cardioverter having 
the ability to provide high energy ventricular defibrilla- 
tion therapy, as well as antitachycardia pacing therapy 55 
and bradycardia support pacing to either or both cham- 
bers of the heart when required. 

Although the invention has been described herein 
with reference to particular embodiments, it is to be 
understood that such embodiments are merely illustra- 60 
tive of the application of the principles of the invention. 
For example, the delivery of a cardioversion shock 
following the detection of an atrial arrhythmia may be 
immediate, or it may be dependent on the charge time of 
the capacitor. Also shock waveforms may be monopha- 65 
sic, biphasic, multiphasic, or may have any waveform 
known in the art of pacing and deflbrillating. Alterna- 
tively, the time to the delivery of a shock may depend 
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on the hemodynamic condition of the patient, as de- 
scribed in U.S. Pat No. 4,895,151 to R. Grevis et al., 
entitled "Apparatus and Method for Therapy Adjust- 
ment in Implantable Cardioverter." The device of the 
invention may also include means for delivering an- 
titachycardia and/or bradycardia pacing therapy to 
either the atrium, or the ventricle, or to both the atrium 
and the ventricle. Hence numerous modifications may 
be made and other arrangements may be devised with- 
out departing from the true spirit and scope of the in- 
vention. 
What is claimed is: 

1. An implantable atrial cardioverting device for the 
reversion of atrial tachycardias, comprising: 

means for storing electrical energy; 
means for detecting the presence of an atrial tachy- 
cardia; 

an electrode lead system including a plurality of elec- 
trode leads therein, each of said leads including a 
cardioverting electrode having a substantially 
larger surface area and lower electrode impedance 
than the surface area and impedance of a pacing 
lead electrode, at least one of said leads being an 
atrial endocardial electrode lead; 

a plurality of atrial cardioversion electrode configu- 
rations, each of said configurations including at 
least two of said electrode leads; 

switching means responsive to the detection of an 
atrial tachycardia by said detecting means for se- 
lectively connecting said energy storage means to 
one of said atrial cardioversion electrode configu- 
rations; 

means for setting the level of electrical energy stored 
in said electrical energy storing means to an appro- 
priate level for an atrial cardioversion shock; and, 

means for discharging said stored electrical energy 
across said selected atrial cardioversion electrode 
configuration. 

2. An implantable atrial cardioverting device accord- 
ing to claim 1, wherein at least one of said electrode 
leads is a subcutaneous electrode lead, and wherein at 
least one of said atrial cardioversion electrode configu- 
rations includes the electrode of said subcutaneous elec- 
trode lead and the electrode of said atrial endocardial 
electrode lead. 

3. An implantable atrial cardioverting device accord- 
ing to claim 2, wherein the electrode of said atrial endo- 
cardial electrode lead is negatively charged and the 
electrode of said subcutaneous electrode lead is posi- 
tively charged when said discharging means discharges 
said stored electrical energy across said selected cardio- 
version configuration, so that a unidirectional wave- 
front passes through said electrode configuration. 

4. An implantable atrial cardioverting device accord- 
ing to claim 2, wherein the electrode of said subcutane- 
ous electrode lead is a braid electrode, wherein the 
electrode of said atrial endocardial electrode lead is 
negatively charged and the braid electrode of said sub- 
cutaneous electrode led is positively charged when said 
discharging means discharges said stored electrical en- 
ergy across said selected cardioversion configuration, 
so that a unidirectional wavefront passes through said 
electrode configuration. 

5. An implantable atrial cardioverting device accord- 
ing to claim 2, further including 

means for sensing R-waves and delivering ventricular 
pacing pulses; 
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means responsive both to the detects ■ - 3 i : An implantable atrial cardioverting device ac- 

tacbycardia and to the absence of an H w i / • ■ -n ^rding to claim 12, wherein the electrode of said atrial 

ing a predetermined period of time foilowi | *u.:h endocardial electrode lead is negatively charged, the 

detection for delivering a ventricular pacir^ ^u.:^ electrode of said ventricular endocardial electrode lead 

to produce an absolute ventricular refractory con- 5 is positively charged and the electrode of said subcuta- 

dition; and, neous electrode lead is uncharged when said discharge 

means for timing the delivery of said atrial cardiover- means discharges said stored electrical energy across 

sion shock to occur during said absolute ventricu- said selected cardioversion electrode configuration, so 

lar refractory condition. that a unidirectional wavefront passes through said 

6. An implantable atrial cardioverting device accord- 10 electrode configuration. 

ing to claim 5, further including 14. An implantable atrial cardioverting device ac- 

means responsive both to the detection of an atrial cording to claim 12, wherein the electrode of said atrial 
tachycardia and to the detection of an R-wave endocardial electrode lead is positively charged, the 
during a predetermined period of time following electrode of said ventricular endocardial electrode lead 
such detection for timing the discharging of said 15 is negatively charged and the electrode of said subcuta- 
stored electrical energy to synchronously occur neons electrode lead is uncharged when said discharge 
during a ventricular refractory period which oc- means discharges said stored electrical energy across 
curs following the R-wave. said selected cardioversion electrode configuration, so 

7. An implantable atrial cardioverting device accord- that a unidirectional wavefront passes through said 
ing to claim 1, wherein at least one of said electrode 20 electrode configuration. 

leads is a ventricular endocardial electrode lead, and 15. An implantable atrial cardioverting device ac- 
w herein at least one of said atrial cardioversion elec- cording to claim 12, wherein the electrode of said atrial 
trode configurations includes the electrodes of both said endocardial electrode lead is negatively charged, the 
atrial endocardial electrode lead and said ventricular electrode of said subcutaneous electrode lead is posi- 
endocardial electrode lead. 2* tively charged and the electrode of said ventricular 

8. An implantable atrial cardioverting device accord- endocardial electrode lead is uncharged when said dis- 
ing to claim 7, wherein the electrode of said atrial endo- charge means discharges said stored electrical energy 
cardial lead is negatively charged and the electrode of across said selected cardioversion electrode configura- 
said ventricular endocardial electrode lead is positively tion, so that a unidirectional wavefront passes through 
charged when said discharging means discharges said 30 said electrode configuration. 

stored electrical energy across said selected cardiover- 16. An implantable atrial cardioverting device ac- 
sion electrode configuration, so that a unidirectional cording to claim 12, wherein the electrode of said sub- 
wavefront passes through said electrode configuration. cutaneous electrode lead is a braid electrode, and 

9. An implantable atrial cardioverting device accord- wherein the electrode of said atrial endocardial elec- 
ing to claim 7, wherein the electrode of said atrial endo- 35 trode lead is negatively charged, the braid electrode of 
cardial electrode lead is positively charged and the said subcutaneous electrode lead is positively charged 
electrode of said ventricular endocardial electrode lead and the electrode of said ventricular endocardial elec- 
ts negatively charged when said discharging means trode lead is uncharged when said discharge means 
discharges said stored electrical energy across said se- discharges said stored electrical energy across said se- 
lected cardioversion electrode configuration, so that a 40 lected cardioversion electrode configuration, so that a 
unidirectional wavefront passes through said electrode unidirectional wavefront passes through said electrode 
configuration. configuration. 

10. An implantable atrial cardioverting device ac- 17. An implantable atrial cardioverting device ac- 
cording to claim 1, wherein the electrode of said atrial cording to claim 12, wherein the electrode of said ven- 
endocardia! electrode lead is positively charged and the 45 tricular endocardial electrode lead is negatively 
electrode of the other of said leads is negatively charged charged, the electrode of said subcutaneous electrode 
when said discharging means discharges said stored lead is positively charged and the electrode of said atrial 
electrical energy across said selected cardioversion endocardial electrode lead is uncharged when said dis- 
configuration, so that a unidirectional wavefront passes charge means discharges said stored electrical energy 
through said electrode configuration. 50 across said selected cardioversion electrode configura- 

11. An implantable atrial cardioverting device ac- tion, so that a unidirectional wavefront passes through 
cording to claim 1, wherein the electrode of said atrial said electrode configuration. 

endocardial electrode lead is negatively charged and 18. An implantable atrial cardioverting device ac- 
the electrode of the other of said leads is positively cording to claim 12, wherein the electrode of said sub- 
charged when said discharging means discharges said 55 cutaneous electrode lead is a braid electrode, and 
stored electrical energy across said selected cardiover- wherein the electrode of said ventricular endocardial 
sion configuration, so that a unidirectional wavefront electrode lead is negatively charged, the braid electrode 
passes through said electrode configuration. of said subcutaneous electrode lead is positively 

12. An implantable atrial cardioverting device ac- charged and the electrode of said atrial endocardial 
cording to claim 1, wherein said electrode lead system 60 electrode lead is uncharged when said discharge means 
includes three electrode leads therein, wherein one of discharges said stored electrical energy across said se- 
said electrode leads is a subcutaneous electrode lead, lected cardioversion electrode configuration, so that a 
wherein one of said electrode leads is a ventricular unidirectional wavefront passes through said electrode 
endocardial electrode lead, and wherein at least one of configuration. 

said atrial cardioversion electrode configurations in- 65 19. An implantable atrial cardioverting device ac- 
cludes the electrodes of each of said atrial endocardial cording to claim 12, wherein the electrodes of said atrial 
electrode lead, said subcutaneous electrode lead and endocardial electrode lead and said subcutaneous elec- 
said ventricular endocardial electrode lead. trode lead are positively charged and the electrode of 
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ltricular endocardial electrode lead is negatively 
x i when said discharge means discharges said 
, 1 electrical energy across said selected cardiover- 
e-ectrode configuration, so that a bidirectional 
\ r, v-efront passes through said electrode configuration. 

JO. An implantable atrial cardioverting device ac- 
c o ding to claim 12, wherein each of said electrodes is a 
braid electrode, and wherein the braid electrodes of said 
atrial endocardial electrode lead and said subcutaneous 
electrode lead are positively charged and the electrode 
of said ventricular endocardial electrode lead is nega- 
tively charged when said discharge means discharges 
said stored electrical energy across said selected cardio- 
version electrode configuration* so that a bidirectional 
wavefront passes through said electrode configuration. 

21. An implantable atrial cardioverting device ac- 
cording to claim 12, wherein the electrodes of said atrial 
and ventricular endocardial electrode leads are braid 
electrodes and the electrode of said subcutaneous elec- 
trode lead is a patch electrode, and wherein the braid 
electrodes of said atrial endocardial electrode lead and 
said ventricular endocardial electrode lead are nega- 
tively charged and the patch electrode of said subcuta- 
neous electrode lead is positively charged when said 
discharge means discharges said stored electrical en- 
ergy across said selected cardioversion electrode con- 
figuration, so that a bidirectional wavefront passes 
through said electrode configuration. 

22. An implantable atrial cardioverting device ac- 3Q 
cording to claim 12, wherein the electrodes of said atrial 
and ventricular endocardial electrode leads and the 
electrode of said subcutaneous lead are braid electrodes, 
and wherein the braid electrode of said ventricular 
endocardial electrode lead is negatively charged, the 35 
braid electrode of said subcutaneous electrode lead is 
positively charged and the braid electrode of said atrial 
endocardial electrode lead is uncharged when said dis- 
charge means discharges said stored electrical energy 
across said selected cardioversion electrode configura- 
tion, so that a unidirectional wavefront passes through 
said electrode configuration. 

23. An implantable atrial cardioverting device ac- 
cording to claim 12, wherein the electrodes of said atrial 
and ventricular endocardial electrode leads and the 45 
electrode of said subcutaneous electrode lead are braid 
electrodes, and wherein the braid electrode of said atrial 
endocardial electrode lead is negatively charged, the 
braid electrode of said subcutaneous electrode lead is 
positively charged and the braid electrode of said ven- 50 
tricular endocardia] lead is uncharged when said dis- 
charge means discharges said stored electrical energy 
across said selected cardioversion electrode configura- 
tion, so that a unidirectional wavefront passes through 
said electrode configuration. 55 

24. An implantable atrial cardioverting device ac- 
cording to claim 12, wherein the electrodes of said atrial 
and ventricular endocardial electrode leads are braid 
electrodes and the electrode of said subcutaneous elec- 
trode lead is a patch electrode, and wherein the braid 60 
electrode of said atrial endocardial electrode lead is 
negatively charged, the patch electrode of said subcuta- 
neous electrode lead is positively charged and the elec- 
trode of said ventricular endocardial electrode lead is 
uncharged when said discharge means discharges said 65 
stored electrical energy across said selected cardiover- 
sion electrode configuration, so that a bidirectional 
wavefront passes through said electrode configuration. 



25. An implantable atrial cardioverting device ac- 
cording to any one of claims 1-24, further including 
means for delivering atrial and ventricular bradycardia 
and antitachycardia pacing therapy. 

26. An implantable atrial cardioverting device ac- 
cording to any one of claims 3, 4, 8, 9, 10, 11 and 13-24, 
wherein the waveform of said discharged stored electri- 
cal energy is monophasic. 

27. An implantable atrial cardioverting device ac- 
cording to any one of claims 3, 4, 8, 9, 10, 11 and 13-24 
wherein the waveform of said discharged stored electri- 
cal energy is biphasic. 

28. An implantable cardiovertmg/defibrillating de- 
vice for the reversion of tachycardias, comprising: 

means for storing electrical energy; 
means for detecting the presence of an atrial tachy- 
cardia; 

means for detecting the presence of a ventricular 
tachycardia; 

an electrode lead system including a plurality of elec- 
trode leads therein, each of said leads including a 
cardioverting electrode having a substantially 
larger surface area and lower electrode impedance 
than the surface area and impedance of a pacing 
lead electrode, at least a first one of said leads being 
an atrial endocardial electrode lead and a second 
one of said leads being a ventricular endocardia] 
electrode lead; 

a plurality of atrial cardioversion electrode configu- 
rations, each of said configurations including at 
least two of said electrode leads; 

a plurality of ventricular defibrillating electrode con- 
figurations, each of said configurations including at 
least two of said electrode leads; 

first switching means responsive to the detection of 
an atrial tachycardia by said atrial tachycardia 
detecting means for selectively connecting said 
energy storage means to one of said atrial cardio- 
version electrode configurations; 

second switching means responsive to the detection 
of a ventricular tachycardia by said ventricular 
tachycardia detecting means for selectively con- 
necting said energy storage means to one of said 
ventricular defibrillating electrode configurations; 

means for setting the level of electrical energy stored 
in said electrical energy storing means to an appro- 
priate level for an atrial cardioversion shock; 

means for setting the level of electrical energy stored 
in said electrical energy storing means to an appro- 
priate level for a ventricular defibrillation shock; 
and, . 

means for discharging said stored electrical energy 
across a selected one of said atrial and ventricular 
electrode configurations. 

29. An implantable cardiovertmg/defibrillating de- 
vice according to claim 28, further including 

means for sensing R-waves and delivering ventricular 
pacing pulses; 

means responsive both to the detection of an atrial 
tachycardia and to the absence of an R-wave dur- 
ing a predetermined period of time following such 
detection for delivering a ventricular pacing pulse 
to produce a temporary ventricular refractory con- 
dition; and, 

means for timing the delivery of said atrial cardiover- 
sion shock to occur during said temporary ventric- 
ular refractory condition. 
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: suable atrial cardiovcrting device ac- ventricular endocardial electrode lead is uncharged 

- » ii • i aim 29 further including when said discharge means discharges said stored elec- 

c -A* • i onsive both to the detection of an trial trical energy across said selected one of said atrial and 
t-xh v ..-rdia and to the detection of an R-wave ventricular electrode configurations, so that a unidirec- 
durirr; a predetermined period of time following 5 tional wavefront passes through said electrode configu- 
such detection for timing the discharging of said ration. 

stored electrical energy to synchronously occur 37. An implantable cardiovertmg/defibnllatuig de- 
during a ventricular refractory period which oc- vice according to claim 31, wherein the electrodes of 
curs following the R-wave. said atrial and ventricular endocardial^ electrode leads 

31 An implantable cardioverting/defibrillating de- 10 are negatively charged and the electrode of said subcu- 
vice according to claim 30, wherein said electrode lead taneous electrode lead is positively charged when said 
system includes at least three electrode leads therein, discharge means discharges said stored electrical en- 
wherein at least one of said electrode leads in said elec- ergy across said selected one of said atrial and ventneu- 
trode lead system is a subcutaneous electrode lead, lar electrode configurations, so that a biaVecttonal 
wherein at least one of said atrial cardioversion elec- 15 wavefront passes through said electtode configurator 
trode configurations includes the electrode of said sub- 38. An implantable cardioverUiydcfibr^tuig de- 
cutaneous electrode lead and the electrode of said atrial vice according to claim 31, wherein the electrode of 
endocardial electrode lead, and wherein at least one of said ventricular endocardial electrode lead is negatively 
said ventricular defibrillation electrode configurations charged, the electrode of said subcutaneous electrode 
includes the electrode of said subcutaneous electrode 20 lead is positively charged and the electrode of said atrial 
lead and the electrode of said ventricular endocardial endocardial electrode lead is uncharged when said dis- 
electrpde lead charge means discharges said stored electrical energy 

32. An implantable cardioverting/defibrillating de- across said selected one of said atrial and ventricular 
vice according to any one of claims 28-30, wherein the electrode configurations, so that a unidirectional wave- 
electrode of said atrial endocardial lead is negatively 25 front passes through said electrode configuration, 
charged and the electrode of said ventricular endocar- 39. An implantable cardwvertmg/a^fibnUating de- 
dial electrode lead is positively charged when said dis- vice according to claim 31, wherein the electrodes of 
charging means discharges said stored electrical energy said atrial endocardial electrode lead and said subcuta- 
across said selected one of said atrial and ventricular neous electrode lead are positively charged and the 
electrode configurations, so that a unidirectional wave- 30 electrode of said ventricular endocardial electrode lead 
front passes through said electrode configuration. is negatively charged when said discharge means dis- 

33. An implantable cardioverting/defibrillating de- charges said stored electrical energy across said se- 
vice according to any one of claims 28-30, wherein the lected one of said atrial and ventricular electrode con- 
electrode of said atrial endocardial electrode lead is figurations, so that a bidirectional wavefront passes 
positively charged and the electrode of said ventricular 35 through said electrode configuration. 

endocardial electrode lead is negatively charged when 40. An implantable cardiovertm^defibnUatog de- 
said discharging means discharges said stored electrical vice according to any one of claims 31 and 
energy across said selected one of said atrial and ven- wherein each of said electrodes is a b^d dectrode. 
tricular electrode configurations, so that a unidirec- 41. An implantable cardiovertui^dcfibnllating de- 
tional wavefront passes through said electrode configu- 40 vice according to any one of claims 31 and J*-3y, 
radon wherein the electrodes of said atrial and ventricular 

34 An implantable cardioverting/defibrillating de- endocardial electrode leads are braid electrodes and 
vice according to claim 31, wherein the electrode of wherein the electrode of said subcutaneous electrode 
said atrial endocardial electrode lead is negatively lead is patch electrode. 

charged, the electrode of said ventricular endocardial 45 42. An implantable cardiovertm^detonllatmg de- 
electrode lead is positively charged and the electrode of vice according to any one of claims 28-31, wherein the 
said subcutaneous electrode lead is uncharged when waveform of said discharged stored electrical energy is 
said discharge means discharges said stored electrical monopbasic. 

energy across said selected one of said atrial and ven- 43. An implantable cardiovertmg/defibrillatmg de- 
tricular electrode configurations, so that a unidirec- 50 vice according to any one of claims 28-31, wherein the 
tional wavefront passes through said electrode configu- waveform of said discharged stored electrical energy is 
ration biphasic. 

35. An implantable cardioverting/defibrillating de- 44. An implantable cardiovertmg/dcarillaung de- 
vice according to claim 31, wherein the electrode of vice according to any one of claims 28-31, further in- 
said atrial endocardial electrode lead is positively 35 eluding means for delivering atrial and ventricular 
chanted, the electrode of said ventricular endocardial bradycardia and antitachycardia pacing therapy, 
electrode lead is negatively charged and the electrode 45. A method of operating an implantable atrial tach- 
of said subcutaneous electrode lead is uncharged when ycarctia cardioverting device, said device including an 
said discharge means discharges said stored electrical electrode lead system having a plurality of electrode 
energy across said selected one of said atrial and ven- 60 leads therein, each of which leads includes a cardiovert- 
tricular electrode configurations, so that a unidirec- ing electrode having a substantially larger surface area 
tional wavefront passes through said electrode configu- and lower electrode impedance than the surface area 
ration and electrode impedance of a pacing lead electrode, at 

36. An implantable cardiovertmg/defibrillating de- least one of said leads being an atrial endocardial elec- 
vke according to claim 31, wherein the electrode of 65 trode lead, said device further including a plurality of 
said atrial endocardial electrode lead is negatively atrial cardioversion electrode configurations, each of 
charged, the electrode of said subcutaneous electrode said configurations including at least two of said elec- 
lead is positively charged and the electrode of said trode leads, said method comprising the steps of: 
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A) detecting the presence of an atrial tachycardia; 51. A *g an implantable atrial tacb- 

B) storing a charge of electrical energy at an appro- y ;ardia *t <\ /ice according to claim 45, 
priate level for an atrial cardioversion shock; wherein x.u -i d system includes three elec- 

Qconnecting said stored charge of electrical energy trode lea : -W v r of said electrode leads being a 
to one of said electrode configurations; 5 subcutarir o et ir » ! : lead and another of said elec- 

D) delivering cardioversion shock therapy across trode lead.. bc ; ng a ventricular endocardial electrode 
said one of said electrode configurations; lead, and wherein saici step C) of connecting said stored 

E) deteniiinisg whether said shock therapy has re- charge of electrical energy to one of said electrode 
verted said atrial tachycardia and, if it has not, configurations comprises the sub-step of connecting 

F) storing another charge of electrical energy at an 10 said stored charge of electrical energy to said electrode 
appropriate level for an atrial cardioversion shock; configuration in such a manner that the electrode of said 

G) connecting said stored other charge of electrical atrial endocardial electrode lead receives a negative 
energy to another one of said electrode conflgura- charge, the electrode of said ventricular endocardial 
tions; and, electrode lead receives a positive charge and the dec- 

H) delivering cardioversion shock therapy across 15 trode of said subcutaneous electrode lead receives no 
said other one of said electrode configurations. charge when said cardioversion shock therapy is deliv- 

46. A method of operating an implantable atrial tach- ered, whereby a unidirectional cardioversion wavefront 
ycardia cardioverting device according to claim 45, passes through said electrode configuration upon such 
wherein one of said electrode leads comprises a subcu- delivery. 

taneous electrode lead, and wherein said step C) of 20 52. A method of operating an implantable atrial tach- 
connecting said stored charge of electrical energy to ycardia cardioverting device according to claim 45, 
one of said electrode configurations comprises the sub- wherein said electrode lead system includes three elec- 
step of connecting said stored charge of electrical en- trode leads therein, one of said electrode leads being a 
ergy to an electrode configuration that includes said subcutaneous electrode lead and another of said elec- 
atrial endocardial electrode lead and said subcutaneous 25 trode leads being a ventricular endocardial electrode 
electrode lead. lead, and wherein said step Q of connecting said stored 

47. A method of operating an implantable atrial tach- charge of electrical energy to one of said electrode 
ycardia cardioverting device according to claim 46, configurations comprises the sub-step of connecting 
wherein said sub-step includes the further substep of said stored charge of electrical energy to said electrode 
connecting said stored charge of electrical energy to 30 configuration in such a manner that the electrode of said 
said electrode configuration in such a manner that the atrial endocardial electrode lead receives a negative 
electrode of said atrial endocardial electrode lead re- charge, the electrode of said subcutaneous electrode 
ceives a negative charge and the electrode of said sub- lead receives a positive charge and the electrode of said 
cutaneous electrode lead receives a positive charge ventricular endocardial electrode lead receives no 
when said cardioversion shock therapy is delivered, 35 charge when said cardioversion shock therapy is deliv- 
whereby a unidirectional cardioversion wavefront ered, whereby a unidirectional cardioversion wavefront 
passes through said electrode configuration upon such passes through said electrode configuration upon such 
delivery. delivery. 

48. A method of operating an implantable atrial tach- 53. A method of operating an implantable atrial tach- 
ycardia cardioverting device according to claim 45, 40 ycardia cardioverting device according to claim 45, 
wherein said electrode lead system includes three elec- wherein said electrode lead system includes three elec- 
trode leads therein, one of said electrode leads being a trode leads therein, one of said electrode leads being a 
subcutaneous electrode lead and another of said elec- subcutaneous electrode lead and another of said elec- 
trode leads being a ventricular endocardial electrode trode leads being a ventricular endocardial electrode 
lead, said method including the further step of: 45 lead, and wherein said step C) of connecting said stored 

I) Repeating steps E), F), G), and H). charge of electrical energy to one of said electrode 

49. A method of operating an implantable atrial tach- configurations comprises the sub-step of connecting 
ycardia cardioverting device according to claim 45, said stored charge of electrical energy to said electrode 
wherein one of said electrode leads comprises a ventric- configuration in such a manner that the electrodes of 
ular endocardial electrode lead, and wherein said step 50 said atrial endocardial electrode lead and said subcuta- 
C) of connecting said stored charge of electrical energy neous patch electrode lead each receive a positive 
to one of said electrode configurations comprises the charge, and the electrode of said ventricular endocar- 
sub-step of connecting said stored charge of electrical dial electrode lead receives a negative charge when said 
energy to an electrode configuration that includes said cardioversion shock therapy is delivered, whereby a 
atrial endocardial electrode lead and said ventricular 55 bidirectional cardioversion wavefront passes through 
endocardial electrode lead. said electrode configuration upon such delivery. 

50. A method of operating an implantable atrial tach- 54. A method of operating an implantable atrial tach- 
ycardia cardioverting device according to claim 49, ycardia cardioverting device according to claim 45, 
wherein said sub-step includes the further substep of wherein said electrode lead system includes three elec- 
connecting said stored charge of electrical energy to 60 trode leads therein, one of said electrode leads being a 
said electrode configuration in such a manner that the subcutaneous electrode lead and another of said elec- 
electrode of said atrial endocardial electrode lead re- trode leads being a ventricular endocardial electrode 
ceives a negative charge and the electrode of said ven- lead, and wherein said step C) of connecting said stored 
tricular endocardial electrode lead receives a positive charge of electrical energy to one of said electrode 
charge when said cardioversion shock therapy is deliv- 65 configurations comprises the sub-step of connecting 
ered, whereby a unidirectional cardioversion wavefront said stored charge of electrical energy to said electrode 
passes through said electrode configuration upon such configuration in such a manner that the electrode of said 
delivery. atrial endocardial electrode lead receives no charge, the 
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electrode of said ventricular endc* a .= d ■•■ 1 
receives a negative charge and lb r^zt:~ J 
subcutaneous electrode lead receive a iwsk • ■.-.^.t 
when said cardioversion shock therapy is l . ^1, 
whereby a unidirectional cardioversion va A out ^ 
passes through said electrode configuration ivfo-. :;uch 
delivery. 

55. A method of operating an implantable atrial tach- 
ycardia cardioverting device according to claim 45, 
wherein said electrode lead system includes three clec- 10 
trode leads therein, one of said electrode leads being a 
subcutaneous electrode lead and another of said elec- 
trode leads being a ventricular endocardia] electrode 
lead, and wherein said step C) of connecting said stored 
charge of electrical energy to one of said electrode 15 
configurations comprises the sub-step of connecting 
said stored charge of electrical energy to said electrical 
configuration in such a manner that the electrode of said 
atrial endocardial electrode lead receives a positive • 
charge, the electrode of said ventricular endocardial 
electrode lead receives a negative charge and the elec- 
trode of said subcutaneous electrode lead receives no 
charge when said cardioversion shock therapy is deliv- 
ered, whereby a unidirectional cardioversion wavefront 25 

- passes through said electrode configuration upon such 
delivery. 

56. A method of operating an implantable atrial tach- 
ycardia cardioverting device according to claim 45, 
which, prior to the step (D) delivery of cardioversion jq 
shock therapy, includes the sub-steps of awaiting the 
occurence of an R-wave during a predetermined time 
period following the detection of said atrial tachycar- 
dia; in the absence of the occurence of an R-wave dur- 
ing said predetermined time period, delivering a ven- 35 
tricular pacing pulse to produce a temporary ventricu- 
lar refractory condition; and, timing the delivery of the 
step (D) cardioversion shock therapy to occur during 
said temporary ventricular refractory condition. 

57. A method of operating an implantable atrial tach- 40 
ycardia cardioverting device according to claim 45, 
which, prior to the step (D) delivery of cardioversion 
shock therapy, includes the sub-steps of awaiting the 
occurence of an R-wave during a predetermined time 
period following the detection of said atrial tachycar- 45 
dia; and, if an R-wave is detected during said time per- 
iod, timing the delivery of the step (D) cardioversion 
shock therapy to synchronously occur during a ventric- 



ilar refractory period which occurs following said 
l-wave. 

58. A method of operating an implantable tachycar- 
dia converting device, said device including an elec- 
trode lead system having a plurality of electrode leads 
therein, each of which leads includes a cardioverting 
electrode having a substantially larger surface area and 
lower impedance than the surface area and impedance 
of a pacing lead electrode, at least one of said leads 
being an atrial endocardial electrode lead and one of 
said leads being a ventricular endocardial electrode 
lead, said device further including a plurality of cardio- 
version electrode configurations, each of said configu- 
rations including at least two of said electrode leads, 
said method comprising the steps of: 

A) detecting the presence of a tachycardia and classi- 
fying the tachycardia as either an atrial or a ven- 
tricular tachycardia; 

B) storing a charge of electrical energy at an appro- 
priate level for delivering cardioversion shock 
therapy corresponding to the type of tachycardia 
detected; 

Q connecting said stored charge of electrical energy 

to one of said electrode configurations; 
D) delivering said corresponding cardioversion 

shock therapy across said one of said electrode 

configurations; 
£) again detecting the presence of a tachycardia and 

classifying the tachycardia as either an atrial or a 

ventricular tachycardia; 

F) storing another charge of electrical energy at an 
appropriate level for delivering cardioversion 
shock therapy corresponding to the type of the 
tachycardia detected in step (E); 

G) connecting said stored other charge of electrical 
energy to another one of said electrode configura- 
tions; and, 

H) delivering said corresponding cardioversion 
shock therapy across said other one of said elec- 
trode configurations, 

59. A method of operating an implantable tachycar- 
dia cardioverting device according to claim 58, wherein 
said electrode lead system includes three electrode leads 
therein, one of said electrode leads being a subcutaneous 
electrode lead, said method including the further steps 
of: 

I) repeating steps E), F), G) and H). 

• • * ♦ * 
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ABSTRACT 



An implantable device and a method for the automatic 
detection of atrial arrhythmias and for providing low 
energy atrial cardioversion therapy for such arrhyth- 
mias, with minimal tissue damage and power drain, is 
disclosed. The device is capable of being incorporated 
within, and is disclosed as part of, an implantable auto- 
matic pacemaker defibrillator/cardioverter having the 
ability to also provide high energy ventricular defibril- 
lation therapy, as well as dual chamber antitachycardia 
pacing therapy and bradycardia support pacing. Tripo- 
lar atrial and ventricular endocardial leads, each includ- 
ing tip and ring pacing electrodes and a braid cardiov- 
erting electrode therein, are employed in conjunction 
with a subcutaneous electrode lead in delivering ther- 
apy from the device to the patient, allowing the device 
to be implanted in and used by a patient without the 
need to open the patient's chest cavity. A number of 
different cardioverting electrode configurations are 
selectable for the multiple implantable electrodes, and 
automatic switching from one electrode configuration 
to another is employed if cardioversion is not achieved 
using the first configuration. 

59 Claims, 12 Drawing Sheets 
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implantable device having tltc capability of effectively 
APPARATUS AND METHOD EMPLOYING sensing atrial fibrillation, * awing the ability both to 

PLURAL ELECTRODE CONFIGURATIONS FOR switch to an atrial cardioversion configuration and to 
CARDIOVERSION OF ATRIAL FIBRILLATION IN synchronize atrial cardioversion shcclis to the ventricu- 
AN ARRHYTHMIA CONTROL SYSTEM 5 lar rhythm of the patient, thereby to successfully treat 

atrial arrhythmias such as atrial fibrillation and atrial 
TECHNICAL FIELD flutter. 

This invention relates to implantable medical devices An article entitled "Atrial Fibrillation and Embolic 
which monitor the cardiac state of a patient by sensing Complications in Paced Patients," by H. Langenfeld et 
the patient's intrinsic rhythm, atrial and ventricular 10 al., in PACE, Vol. 11, pages 1667-1672, 1985, shows the 
tachycardia and atrial and ventricular fibrillation/flut- high incidence of atrial fibrillation in patients with WI 
ter, and which deliver therapy in the form of electrical pacemakers. This is said to be attributable to irritation of 
energy to cardiac tissue in an attempt to revert tachy- the atrial rhythm caused by retrograde conduction, 
cardia and restore a normal sinus rhythm. More particu- Thus, certain combined implantable defibrillator/- 
larly, the invention relates to an apparatus and method 15 pacemakers not only may contribute to the cause of the 
for cardioversion of atrial fibrillation/flutter in a dual problem of atrial fibrillation, but also have been found 
chamber arrhythmia control system. Although the in- to lack the facilities to deal successfully with atrial ar- 
vention may be incorporated in a cardioversion device rhythmias. Thus, there is a need for implantable devices 
alone, it is described herein as operating in a combined capable of successfully treating atrial arrhythmias, 
implantable antitachycardia pacing, bradycardia pac- 20 U.S. Pat. No. 3,857,398 to Rubin describes a com- 
ing, defibrillating/cardioverting arrhythmia control bined pacer/defibrillator. This device performs either a 
system. pacing or a defibrillation function, depending on the 

As used herein, the term ventricular tachycardia detection of a VT/VF. If a VT/VF is detected, the 
refers to any fast abnormal rhythm of the ventricle device is switched to the defibrillating mode. After a 
which may be amenable to treatment by electrical dis- 25 of ^ to charge fa capacitor, a defibrillation 

charges and specifically includes ventricular tachycar- shock ^ delivered to the patient, 
dia (VT), ventricular flutter and ventricular fibrillation A mu iti P rogrammable, telemetric/ implantable defib- 
(VF), while atrial tachycardia refers to atrial fibrillation is discloscd m the co-pending U.S. patent appli- 

(AF) and atrial flutter. Sef No 576 l7g of Norma L . Gim ct al. ( entitled 

The term cardioversion refers to the discharge of 30 .. Reconfirmatioil p^, t0 s hock for implantable Defi- 
electncal energy mto the cardiac tissue in an attempt to bmati on ." The device contains a bradycardia support 
terrmnate or revert a tachycardia and may range from a y en defibrillation shock 

high (40 Joules or more) to a low (less than 1 Joule) > ventrteular tachycardias to normal 

energy discharge. Cardioversion usually refers to a low ^ reconfirmation of the presence of a 

energy discharge such as the discharge delivered to the 35 T w " rv~ "t , . .« „r a 

atriiii accordmg to the present invention. Defibrilla- a shock is delivered to the ventricle of a 

tion, however, usually refers to higher energy shocks P atient * a predemed time or when the desired 
such as are delivered to the ventricles. By definition, as energy level is reached. This device is not capable of 
used herein both in the description of the invention and delivering atrial cardioversion m order to alleviate the 
in the claims, the two terms may be considered as inter- 40 ^ n ™°? of J J*™ ?5?* l0n * w . , . , ^ *« 
changeable. u s - Pat Na 4,572,191 to Mirowski et al. describes 

an atrial cardioverting device that is externally driven 
i BACKGROUND OF THE INVENTION by either the physician or the patient The detection of 

Atrial fibrillations have been observed after termina- an arrhythmia requires the patient to recognize it, 
tion of ventricular arrhythmias by cardioversion, as 45 which » disadvantageous for a number of reasons in- 
described in an article entitled "Comparative Efficacy eluding medical clinic visits, carrying expensive equip- 
of Transvenous Cardioversion and Pacing in Patients ment around, or just the failure to recognize a tachycar- 
with Sustained Ventricular Tachycardia: A Prospec- Furthermore, the device is incapable of automatic 

tive, Randomized, Crossover Study," by Saksena et al., detection and recorifirmation, as well as failing in the 
in Circulation 72, No. 1, pages 153-160, 1985. Tennina- 50 capacity to defibrillate the ventricles of a patient in the 
tion with transvenous cardioversion was followed by event an atrial shock accelerates the rhythm into 
occurrences of atrial fibrillation, atrial flutter and sinus VT/VF. This patent also describes the delivery of car- 
tachycardia. See, also, an article entitled "Transvenous dioversion shocks using a single pacing lead. A single 
Cardioversion and Defibrillation of Ventricular Ta- pacing lead has been found, by recent research, to be 
chyarrhythmias: Current Status and Future Direc- 55 inadequate in effectively discharging a cardioversion 
tions," by Saksena et al., in PACE, Vol 8, pages shock. Significantly, the main reason for this problem is 
715-731, 1985. In this study, the incidence of supraven- that pacing leads possess a very low surface area, giving 
tricular tachyarrhythmias after transvenous cardiover- rise to a high impedance at the area of discharge. Aside 
sion was substantial. Such problems continue to exist. from the device using too much power, the patient is 

In patients receiving cardioversion shocks using prior 60 subjected to a risk of tissue damage at the electrode 
art devices, it has been observed in some cases that such interface. 

post-therapy arrhythmias have been attributable to the Another problem exists with the Mirowski et al. de- 
shock being delivered during the vulnerable zone of the vice as there are no provisions therein for sensing R- 
atrium. In those cases where atrial arrhythmias occur at waves and for pacing the patient's ventricle. Therefore * 
a sufficiently fast rate, there is a likelihood of this ar- 65 the device is unable to synchronize the cardioversion 
rbythmia being detected as VT/VF, resulting in the shock to the ventricle. As a result, the unsynchronized 
patient receiving an unnecessary shock to the ventricles atrial cardioversions delivered to a patient may cause 
of the patient's heart. This highlights the need for an VF, resulting in a further hazardous situation. 
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A further disadvantage of the above device is that it 
is turned off except when it is externally engaged by a 
magnet that allows the power source to charge. Thus 
the device is inadequate as an automatic implantable 
therapeutic device. Also, since the device is not capable 
of being instituted within a pacemaker defibrillator 
system; it does not have provisions for allowing brady- 
cardia pacing, single or dual chamber antitachycardia 
pacing and defibrillation therapy to the ventricle. 
Therefore, aside from failing to adequately cardiovert 
the atrium successfully and automatically, the device 
fails as an all round therapeutic medical device offering 
a variety of treatments to the patient. 

It is an object of the present invention to provide an 
improved implantable device for the automatic detec- 
tion of atrial arrhythmias and for providing atrial cardi- 
oversion therapy therefor. 

It is also an object of the invention to achieve effec- 
tive cardioversion of atrial fibrillation with minimal ^ 
power drain, and to prevent tissue damage due to high 
voltages being discharged over a small area, such as 
results from the use of a single pacing electrode. 

It is a further object of the invention to provide a 
device having at least two defibrillation endocardial 2s 
electrodes or other suitable electrodes of surface area 
substantially greater than that of a normal pacing lead, 
and of substantially lower impedance than the latter, 
and including at least one subcutaneous patch, which 



SUMMARY OF THE INVENTION 



10 



IS 



Briefly stated, and in accordance with one embodi- 
ment of the invention, there is provided an implantable 
atrial cardioverting device for the reversion of atrial 
tachycardias, comprising: means for storing electrical 
energy; means for detecting the presence of an atrial 
tachycardia; an electrode lead system including a plu- 
rality of electrode leads therein, each of the leads in- 
cluding a cardioverting electrode having a substantially 
larger electrode surface area and lower electrode impe- 
dance than the surface area and impedance of a pacing 
lead electrode, at least one of the leads being an atrial 
endocardial electrode lead; a plurality of atrial cardio- 
version electrode configurations, each of the configura- 
tions including at least two of the electrode leads; 
switching means responsive to the detection of an atrial 
tachycardia by the detecting means for selectively con- 
necting the energy storage means to one of the atrial 
cardioversion electrode configuration; means for setting 
the level of electrical energy stored in the electrical 
energy storing means to an appropriate level for an 
atrial cardioversion shock; and, means for discharging 
the stored electrical energy across the selected atrial 
cardioversion electrode configuration. 

In accordance with another aspect of the invention 
there is provided an implantable cardioverting/deflbril- 
lating device for the reversion of tachycardias, compris- 
ing: means for storing electrical energy; means for de- 



device does not require a magnet or any other external 30 tecting the presence of an atrial tachycardia; means for 



manual switching system for turning on the power 
source to charge its capacitor. 

Another object of the invention is to provide an im- 
proved device which is on call at all times, and which is 
capable of being incorporated within an implantable 35 
automatic pacemaker defibrillator/cardioverter having 
the ability to provide defibrillation therapy to a patient's 
ventricle, as well as antitachycardia pacing therapy and 
bradycardia support pacing to either or both chambers 
of the heart when required. 

It is yet another object of the invention to provide an 
automatic implantable device capable of delivering low 
energy cardioversion therapy into the atrium in order to 
improve the health and safety of patients by returning 
atrial arrhythmias to normal rhythms, thereby obviating 45 
the need for unnecessary high energy shocks. 

A still further object of the invention is to mkimize 
complications associated with atrial arrhythmias, since 
patients who have experienced atrial fibrillation have 
been reported to have a higher mortality rate due to 
embolism development. 

An additional object of the invention is to provide a 
device which has the ability to achieve atrial cardiover- 
sion, either with R-wave synchronization or during a 55 
device-initiated ventricular refractory period,- to insure 
that the vulnerable zone of the ventricle is avoided, 
thereby minimizing post-shock arrhythmias attributable 
to shock delivery during the ventricular vulnerable 
zone and degeneration of the arrhythmia into VT/VR 

It is a further object of the invention to provide an 
atrial cardioversion device having a plurality of elec- 
trode configurations, and having the ability to switch 
from one electrode configuration to another prior to the 
delivery of a shock or between deliveries of consecutive 65 
shocks. 

Further objects and advantages of this invention will 
become apparent as the following description proceeds. 



detecting the presence of a ventricular tachycardia; an 
electrode lead system including a plurality of electrode 
leads therein, each of the leads including a cardiovert- 
ing electrode having a substantially larger electrode 
surface area and a substantially lower electrode impe- 
dance than the surface area and impedance of a pacing 
lead electrode, at least a first one of the leads being an 
atrial endocardial electrode lead and a second one of the 
leads being a ventricular endocardial electrode lead; a 
40 plurality of atrial cardioversion electrode configura- 
tions, each of the configurations including at least two 
of the elctrode leads; a plurality of ventricular defibril- 
lating electrode configurations, each of the configura- 
tions including at least two of the electrode leads; first 
switching means responsive to the detection of an atrial 
tachycardia by said atrial tachycardia detecting means 
for selectively connecting the energy storage means to 
one of said atrial cardioversion electrode configura- 
tions; second switching means responsive to the detec- 
tion of a ventricular tachycardia by said ventricular 
tachycardia detecting means for selectively connecting 
the energy storage means to one of the ventricular defi- 
brillating electrode configurations; means for setting the 
level of electrical energy stored in the electrical energy 
storing means to an appropriate level for atrial cardio- 
version shock; means for setting the level of electrical 
energy stored in the electrical energy storing means to 
an appropriate level for a ventricular defibrillation 
shock; and, means for discharging the stored electrical 
energy across a selected one of the atrial and ventricular 
electrode configurations. Preferably, the foregoing de- 
vice also includes means for delivering atrial and ven- 
tricular bradycardia and antitachycardia pacing ther- 
apy- 

In accordance with a further aspect of the invention 
the foregoing device may also preferably include means 
for sensing R-waves and delivering ventricular pacing 
pulses; means responsive both to the detection of an 
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atrial tachycardia and to thr absence o1* an R-wave cardial defibrillating leads, or other leads in which the 
during a predetermined peicd of time following such electrodes are much larger in surface area and lower in 
detection of an atrial tachycardia for delivering a ven- impedance than are the electrodes in pacing leads. Al- 
tricular pacing pulse to produce a temporary ventricu- ternatively, subcutaneous defibrillation patches as well 
Jar refractory condition; and means for tuning the deiiv- 5 as epicardial patches, or any combination, thereof may 
ery of the atrial cardioversion shock to occur during be used in conjunction with the endocardial leads, 
such temporary refractory condition. Additionally, it DESCRIPTION OF THE DRAWINGS 

may also preferably include means responsive both to 

the detection of an atrial tachycardia and to the detec- Further objects, features and advantages of the inven- 
tion of an R-wave during a predetermined period of 10 tion will become apparent upon consideration of the 
time following such detection of an atrial tachycardia following detailed description in conjunction with the 
for timing the discharging of the stored electrical en- drawings, in which: 

ergy to synchronously occur during an absolute ven- FIG. 1 depicts a block diagram of a dual chamber 
tricular refractory period which occurs following the arrhythmia control system; 

R-wave. 15 FIG. 2A depicts a block diagram of a defibrillator 

In accordance with another aspect of the invention shown in FIG. 1; 
there is provided a method of operating an implantable FIG. 2B depicts a block diagram of a pacemaker 
atrial tachycardia cardioverting device, the device in- shown in FIG. 1; 

eluding an electrode lead system having a plurality of FIG. 3 depicts a block diagram of a microprocessor 
electrode leads therein, each of which leads includes a 20 shown in FIG. 1; 

cardioverting electrode having a substantially larger FIG. 4A shows an electrocardiogram (ECG) of a 
surface area and lower electrode impedance than the ventricular fibrillation treated by ventricular defibrilla- 
surface area and impedance of a pacing lead electrode, tion; / 
at least one of the leads being an atrial electrode, the FIG. 4B shows an ECG of an atrial fibrillation 
device further including a plurality of atrial cardiover- 25 treated by atrial cardioversion; 
sion electrode configurations, each of the configure- FIG. 4C shows an ECG of treatment of an atrial 
tions including at least two of the electrode leads, the fibrillation by first and second atrial cardioversion at- 
method comprising the steps of: tempts, wherein the first cardioversion attempt fails to 

A) detecting the presence of an atrial tachycardia; revert the fibrillation and the electrode configuration is 

B) storing a charge of electrical energy at an appropri- 30 switched prior to the second cardioversion attempt; 
ate level for an atrial cardioversion shock; FIG. 4D shows an ECG of a ventricular fibrillation 

C) connecting the stored charge of electrical energy to which, after defibrillation therapy, initiates an atrial 
one of the electrode configurations; fibrillation which in turn causes atrial cardioversion to 

D) delivering cardioversion shock therapy across such be applied; 

one of such electrode configurations; 35 FIG. 5 depicts a flow diagram of the treatment of 

E) determining whether the shock therapy has reverted atrial fibrillation in a dual chamber arrhythmia control 
the atrial tachycardia, and if it has not, system according to the invention; 

F) storing another charge of electrical energy at an FIG. 6 shows a prior art lead configuration in an 
appropriate level for an atrial cardioversion shock; externally controlled atrial cardioverter; 

G) connecting the stored other charge of electrical 40 FIG. 7A depicts a unidirectional lead configuration 
energy to another one of the electrode configura- according to the invention; 

tions; and FIG. 7B depicts a further unidirectional lead configu- 

H) delivering cardioversion shock therapy across such ration according to the invention; 

other one of the electrode configurations. FIG. 7C depicts a bidirectional lead configuration 

The device and method may further include provi- 45 according to the invention; 
sions for antitachycardia pacing when a tachycardia is FIG. 7D depicts another unidirectional lead configu- 
detected. The antitachycardia pacing may take the form ration according to the invention; 
of either a single chamber or a dual chamber algorithm FIG. 7E depicts a still further unidirectional lead 
such as is described in U.S. Pat. No. 4,998,974, entitled configuration according to the invention; 
"Apparatus and method for Antitachycardia Pacing in 50 FIG. 7F depicts another bidirectional lead configura- 
Dual Chamber Arrhythmia Control System", to N. L. tion according to the invention; 
Gilli, the present inventor, which patent is assigned to FIG.8isaplan view of a ventricular endocardial lead 
the assignee of the present invention. The antitachy- having a cardioverting electrode and a pair of pacing 
cardia pacing is preferably issued prior to cardioversion electrodes therein; 

or other treatment of a secondary arrhythmia. Also, 55 FIG. 9 is a plan view of an atrial endocardial lead 
should the atrial cardioverting shock accelerate or de- having a cardioverting electrode and a pair of pacing 
generate the arrhythmia to a VF or VT, defibrillator electrodes therein; 

shock therapy is preferably available. In such a situation FIG. 10 is a perspective view of a subcutaneous patch 
the device uses the switching configuration to switch to electrode lead which may be used with the invention; 
the defibrillator electrode system at an appropriate en- 60 and, 

ergy level. However, to prevent the occurrence of a FIG. 11 is a plan view, in partial cross-section, of a 
cardioverting shock causing a ventricular arrhythmia subcutaneous braid electrode lead which may be used 
when the ventricles are non-refractory, and in the ab- with the invention. 

sence of a sensed R-wave. a ventricular pace may be BESJ M0DE QF ^ INV ENTIoN 

used just prior to the tune that the shock is deli vered to 65 

the atrium. If an R-wave is present, the atrial cardiover- Referring to FIG. 1, there is depicted a block diagram 
sion is synchronized with it to prevent VF develop- of an implanted dual chamber arrhythmia control sys- 
ment. The invention is effectively achieved with endo- tem or device 10, which comprises: an atrial cardiac 
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lead 21 for sensing and pacing in the atrium and a ven- trode Leads and Catheters and Methods for Using the 

tricular cardiac lead 31 for sensing and pacing in the Same," which patent is assigned to the assignee of the 

ventricle, the distal end portions of both of which are present invention. Alternatively, in another embodi- 

positioned in the patient's heart 11; a pacemaker 17 for ment, the subcutaneous electrode lead 152 may be pro- 

the detection of analog signals representing cardiac 5 vided with a conventional patch electrode, as shown in 

electrical activity, and for the delivery of pacing pulses FIG. 10. 

to the heart; a microprocessor 19 which, in response to Telemetry circuitry, shown at 30, provides a bidirec- 

various inputs received from the pacemaker 17 as well tional link between a defibrillator control block 239 and 

as from a defibrillator 16, performs various operations an external device such as a programmer (not shown). It 

so as to generate different control and data outputs to 10 allows data such as the operating parameters to be read 

both the pacemaker 17 and the defibrillator 16; a power from or altered in the implanted device 10. 

supply 18 for the provision of a reliable voltage level; The defibrillator control block 239 is connected to 

defibrillator 16 which produces a high voltage to the atrial shock circuitry 213 by means of an atrial endo- 

charge its capacitors and then discharges them in re- cardial control line 210. The control block 239 is con- 

sponse to control signals from the microprocessor 19; 15 nected to the ventricular shock circuitry 214 by means 

and an atrial endocardial cardioversion electrode lead of a ventricular endocardial control line 211. The sub- 

150, a ventricular endocardial defibrillation electrode cutaneous electrode shock circuitry 215 is connected to 

lead 151 and a subcutaneous electrode lead 152, for control block 239 by means of a subcutaneous electrode 

transferring the energy of a cardioversion/defibrillator control line 212. A number of control signals pass be- 

shock 15 from the implanted device 10 to either the 20 tween microprocessor 19 and defibrillator control block 

atrium or the ventricle of the heart 11. Further details in 239. These control signals include the aforementioned 

regard to leads 150, 151 and 152 are hereinafter pro- atrial endocardial charge control signal on line 201, the 

vided in connection with discussions of FIGS. 2A, switching control signal on line 202, the various signals 

7A-7F, and 8-11. on communication bus 203, the atrial endocardial shock 

A number of control signals pass between the micro- 25 control signal on line 204, the ventricular endocardial 

processor 19 and defibrillator 16. These control signals shock control signal on line 205, the ventricular endo- 

include an atrial endocardial charge control signal in cardial charge control signal on line 206, the subcutane- 

line 201, and a switching control signal on line 202. The ous electrode charge control signal on line 207, the 

switching control signal on line 202 switches the defib* ventricular endocardial shock energy control signal on 

rillator 16 (which in addition to providing ventricular 30 line 208, the atrial endocardial shock energy control 

defibrillation shocks also provides atrial cardioversion signal on line 209, and the dump control signal on line 

shocks) among various electrode configurations avail- 58. 

able to it for providing either defibrillation to the ventri- Referring to FIG. 2B t there is depicted a block dia- 

cles, by means of a ventricular defibrillation lead config- gram of the pacemaker 17 of FIG. 1. Pacemaker 17 

uration (see, e.g., FIG. 7D), or cardioversion to the 35 comprises atrial pacing circuitry 24, ventricular pacing 

atrium, by means of an atrial cardioversion lead config- circuitry 34, atrial sensing circuitry 25, ventricular sens- 

uration (see, e.g., FIG. 7B). These lead configurations ing circuitry 35, and the aforementioned telemetry cir- 

are described in greater detail hereinafter in connection cuitry 30. In addition, pacemaker 17 includes a pace- 

with a discussion of FIGS. 7A to 7F. Other control maker control block 39. 

signals passing from the microprocessor 19 to the defib- 40 In operation, the sensing circuits 25 and 35 detect 
rillator 16 include those on a communication bus 203, an atrial and ventricular analog signals 23 and 33, respec- 
atrial endocardial shock control signal on line 204, a tively, from the heart 11 and convert the detected sig- 
ventricular endocardial shock control signal on line 205, nals to digital signals. The sensing circuits 25 and 35 
a ventricular endocardial charge control signal on line respectively receive an input atrial sense control signal 
206, a subcutaneous electrode charge control signal on 45 via line 27 and an input ventricular sense control signal 
line 207, a ventricular endocardial shock energy control via line 37 from the control block 39, which signals 
signal on line 208, an atrial endocardial shock energy determine the sensitivity applied to the detection cir- 
control signal on line 209, and a dump control signal on cuits. A change in this sensitivity will affect the voltage 
line 58. deviation required at the sensing electrode for a sense to 
Referring to FIG. 2A there is depicted a block dia- 50 be registered. The operation of the logic which changes 
gram of the defibrillator 16 of FIG. 1. Circuitry for the sensitivity is described in more detail in U.S. Pat 
providing an atrial cardioversion shock is shown at 213; No. 4,940,054 to Richard Grevis and Norma L. Gilli, 
circuitry for providing a ventricular defibrillation shock entitled "Apparatus and Method for Controlling Multi- 
is shown at 214; and circuitry for providing a subcuta- pie Sensitivities in Arrhythmia Control System Includ- 
neous electrode shock is shown at 215. The atrial endo- 55 ing Post Therapy Pacing Delay." 
cardial lead 150 connects the atrial shock circuitry 213 The pacing circuits 24 and 34 also respectively re- 
to the atrium of the heart 11. The ventricular endocar- ceive an input atrial pacing control signal and an input 
dial lead 151 connects the ventricular shock circuitry atrial pacing energy control signal via line 28, and an 
214 to the ventricle of the heart 11. The subcutaneous input ventricular pacing control signal and an input 
electrode lead 152 connects the subcutaneous electrode 60 ventricular pacing energy control signal via line 38, 
shock circuitry 215 to a subcutaneous electrode at the from the pacemaker control block 39. The pacing con- 
distal end of lead 152. Preferably, the endocardial leads trol signals determine the type of pacing to occur, while 
150 and 151 and the subcutaneous electrode lead 152 are the magnitude of the pulse energy is determined by the ' 
provided with large surface area, low impedance elec- pacing energy control signals. The operation of the 
trodes adjacent their distal ends such as the braid elec- 65 logic which changes the pulse energy is described in 
trodes, described briefly herein in connection with more detail in U.S. Pat. No. 4,869,252, entitled "Appa- 
FIGS. 8, 9 and 11, and described in greater detail in U.S. ratus and Method for Controlling Pulse Energy in An- 
Pat. No. 5,005,587 to S. E. Scott, entitled "Braid Elec- titachyaiThythmia and Bradycardia Pacing Devices," 
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to Normal L. Gilli. The pacing circuits 24 and 34 geher- to the ventricle f the patient's heart 11. Normal sinus 

ate the atrial pacing pulse 22 and the ventricular pacing rhythm (NSR) 182 results, indicating effective therapy, 

pulse 32 which are delivered to the patient's heart 11 by Referring to FIG. 4B in conjunction with FIG. 1, 

means of the atrial cardiac lead 21 and the ventricular there is depicted an ECG trace outlining a low energy 

cardiac lead 31, respectively. 5 cardioversion shock sequence of device 10. As shown, 

Telemetry circuitry 30, which was discussed earlier an AF has developed at 183. Pnor to the delivery of 

in connection with a discussion of the defibrillator 16, low energy cardioversion shock therapy at 185, the 

also provides a bi-directional link between the pace- device switches to a programmed electrode ooofiguia- 

maker control block 39 and an external device such as a tion at 184 (e.g. ( the configuration of FIG. 7A) and 

programmer (not shown). It allows data such as the 10 checks for the presence of R-waves m the watode. 

operating parameters to be read from or altered in the The capacitor (not shown) in d ^^^SS 

implanted device 10. to an appropriate low energy level for atrial cardiover- 

An atrial sense signal and a ventricular sense signal when ready ^ vc ^l7^?ZoC 

<^trolbl^k39tothen^crop^ 15 Srf^ 

the microprocessor 19 to the control block 39 are an —J™" to ^ vcntricle , ^ c f 

atrial pace contro sijmal on hue 46, an atrial sensitivity g^JJ^^ b ^ch ^ it rcn ders the ventricle 

control signal go i.fane 43, an a^ pacnng energy control d P lari2 ^ P durin the subsequent delivery of the low 

signal on line 44, a ventricular pace control signal on £ y h< ^ ^ mterval between the delivery of the 

line 50, a ventricular sensitivity control signal online ^^sx pacing pulse and the deb very of the shock is 

47, and a ventricular pacing energy control signal on ^ ±c preferred embodiment, this interval 

line 48. A communication bus 42 is employed for com- fa m m feut u ^ longer or shortcr than this value 

municating various other signals between the control ovidcd ^ ^ ven tricle is depolarized at the time of 

block 39 and the microprocessor 19. 2J delivery of ^ Jow cnergy cardioversion shock. If dur- 

Referring to FIG. 3, there is shown a block diagram . ^ 85? m j^by period an R-wave is detected, 

of the microprocessor 19 of FIG. 1. It comprises two ^ ^ ca^oversion therapy is delivered within 100 

16-bit timers 51 and 52, a central processing unit or ms . This results in a synchronized atrial cardioversion 

CPU 53, a vectored interrupts block 54, a read only (i >e , ? j t ^ sync ^ 0 nized with the last inherent R-wave) so 

memory or ROM 55, a random access memory or RAM ^ tnat at ^ moment 0 f delivery the ventricles are refrac- 

56, an external memory 57, a ports block 41 and an tory This has the purpose of preventing VFs from 

internal communication bus 40. developing. As shown, the cardioversion shock at 185 

Microprocessor 19 receives various status and/or ^as succeeded in reverting the atrial arrhythmia, and 
control inputs from pacemaker 17 and defibrillator 16 normal sinus rhythm 186 is now present in the patient, 
such as the sense signals on lines 45 and 49, performs 35 Referring to FIG. 4C in conjunction with FIG. 1, 
operations such as arrhythmia detection, and produces there is depicted an ECG trace outlining another low 
outputs such as the atrial pace control signal oh line 46 energy cardioversion shock sequence of device 10. As 
and the ventricular pace control signal on line 50, which shown, an AF has developed at 187. As described with 
detennine the type of pacing to take place. Other con- reference to FIG. 4B, and assuming the device is in a 
trol outputs generated by microprocessor 19 include the 4q first programmed electrode configuration (e.g., the con- 
atrial and ventricular pacing energy control signals on figuration of FIG. 7A), a check is made for R-waves 
respective lines 44 and 48 which determine the magni- and a pacing pulse is delivered to the ventricle 100 ms 
tude of the pulse energy, the dump control signal on line pn 0r to the delivery of low energy cardioversion shock 
58 which indicates that a shock is to be dumped at an therapy at 188. The ventricular pacing pulse renders the 
internal load within the defibrillator, and the various 45 ventricle depolarized during the subsequent delivery of 
charge control signals on lines 201, 206, and 207 which the cardioversion shock. Following cardioversion 
determine the voltage level of the shock to be delivered. shock delivery, an AF is still shown to be present at 189, 
Other output signals pass from microprocessor 19 to the with reconfirmation of the AF shown at 190. At this 
defibrillator control block 239. These control signals, point, as shown at 191, there is a change or switch in the 
mentioned earlier herein, include the switching control 50 electrode configuration, according to programmed in- 
signal on line 202, the various signals on communication structions and the electrode configuration combinations 
bus 203, the atrial endocardial shock control signal on available, to a second programmed electrode configura- 
linc 204, the ventricular endocardial shock control sig- tion (e.g., the configuration of FIG. 7B). As described 
nal oh line 205, the ventricular endocardial shock en- with reference to FIG. 4B, and above, a test for R- 
ergy control signal on line 208, and the atrial endocar- 55 waves again occurs and within 100 ms of detection of 
dial shock energy control signal on line 209. Other the R-wave, a cardioversion shock is delivered, at 192, 
contro] outputs from the microprocessor include the utilizing the changed electrode configuration to im- 
atrial and ventricular sensitivity control signals on lines prove cardioversion effectiveness. Reversion of the 
43 and 47, respectively, which detennine the sensitivity atrial fibrillation and resultant establishment of normal 
settings of the pacemaker sensing circuits. 60 sinus rhythm is shown at 193. 

Referring to FIG. 4A in conjunction with FIG. 1, Referring to FIG. 4D in conjunction with FIG. 1, 
there is depicted an electrocardiogram or ECG trace there is depicted an ECG trace outlining a VF 194 for 
outlining the application of the device 10 in treating a which a high energy defibrillation shock 195 is deliv- 
VF, shown at 180. The device 10 charges a capacitor ered in an attempt to revert the VF. Although the high 
(not shown) in defibrillator 16 to an appropriate high 65 energy shock 195 in this instance has successfully re- 
energy level for defibrillation, switches to a pro- verted the ventricular fibrillation, utilizing the electrode 
grammed electrode configuration (e.g. the configure- configuration of FIG. 7D for example, an atrial fibrilla- 
tion of FIG. 7D) and delivers a defibrillation shock 181 tion 196 has developed post-shock. The AF is recon- 



Page 32 (SGetzow, 12/26/2000, EAST Version: 1.01.0015) 



11 

firmed at 197. A change in the electrode 5witt;hu» 
configuration is then given at 198 (e.g. to the electro 3»: 
configuration of FIG. 7B), and atrial cardiovcrci im 
therapy is applied at 199. The AF is shown as having 
been successfully reverted to normal sinus rhythm at -*> 
200. 

Referring now to FIG. 5 there is depicted a flow 
chart showing the sequence of events occurring during 
operation of the implantable arrhythmia control system. 
The start or standby mode is shown at block 160. A *° 
tachycardia detection decision occurs at block 161. If 
no tachycardia is present, as indicated at 162, there is a 
return to the standby mode of block 160. If a tachycar- 
dia is detected, as indicated at 163, it is examined to 
determine whether or not it is an AF at block 164. If it 15 
is not an AF t as indicated at 165, then it is examined to 
determine whether or not it is a VT/VF at block 175. If 
it is not a VT/VF, as indicated at 176, there is a return 
to the standby mode of block 160. If a VT/VF is pres- 
ent, as indicated at 177, then at block 178 defibrillation 20 
therapy is applied by the device to the ventricle of the 
patient. 

In the particular embodiment illustrated in FIG. 5, 
there is only one electrode configuration available at 
block 178 for defibrillating the ventricles, and that is the 
one shown in FIG, 7D. Thus the device automatically 
switches to this configuration at VT/VF detection. 
Hence, there is no need to pass via block 167, which 
specifically relates to changing electrode configurations 3Q 
in connection with atrial cardioversion. If an AF is 
classified at block 164, as indicated at 166, then the 
electrode configuration is switched to the appropriate 
setting at block 167. At block 168, the AF is recon- 
firmed. 35 

When the device is ready to deliver a cardioversion 
shock, it waits at block 179 for a programmed standby 
interval such as 857 ms to detect the presence of an 
R-wave. If no R-wave is detected during the pro- 
grammed standby interval, then a ventricular pace is 4$ 
provided by the device at block 169 to depolarize the 
ventricle at a programmed time interval such as 100 ms 
before the shock is delivered. If an R-wave is detected 
during the programmed standby interval, then at block 
170 the device synchronizes the shock delivery with the 45 
patient's R-wave and, within 100 ms of the R-wave, 
delivers the atrial cardioversion therapy at block 171. 

At block 172, the device checks for the success of the 
therapy. If successful, as shown at 173, there is a return 
to the standby mode of block 160. If the cardioversion 50 
therapy is not successful, as shown at 174, there is a 
return to the AF classifier at block 164. If an AF is still 
present at block 166, there is a change in the electrode 
configuration at block 167 and a repeat of cardioversion 
therapy with the new electrode configuration. 55 

FIG. 6 shows a prior art lead configuration for an 
externally controlled atrial cardioverting device (not 
shown). It comprises a two-electrode single pacing lead 
153 positioned in the atrium of the heart 11, as shown. 

FIG. 7A depicts a unidirectional lead configuration 60 
according to the invention, including atrial endocardial 
J-lead 150 in the atrium, ventricular endocardial lead 
151 in the ventricle and subcutaneous electrode lead 
152. In this configuration the atrial endocardial lead 150 
is charged negatively and the endocardial ventricular 65 
lead 151 is charged positively. No charge is applied to 
the subcutaneous electrode lead 152. Thus, at delivery 
there is a unidirectional discharge with the waveform 
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< v v • >u; shown by arrow A, from the electrode of 
: '.1m ' ; SS0 to the electrode of ventricular lead 151. 

s - " n yi depicts a further unidirectional lead configu- 
r 1 lion : -oi ding to the invention, including atrial endo- 
r ^rdial ad 3150 in the atrium, ventricular endocardial 
lead Hi in the ventricle and subcutaneous electrode 
1'oiri IW-l In this configuration the atrial endocardial 
Jaad 15^ is charged positively, the endocardial ventricu- 
lar lead iSl is uncharged, and a positive charge is ap- 
plied to the subcutaneous electrode lead 152. Thus, at 
delivery there is a unidirectional discharge with the 
waveform direction as shown by arrow B, from the 
electrode of ventricular lead 151 to the electrode of 
subcutaneous electrode lead 152. 

FIG. 7C depicts a bidirectional lead configuration 
according to the invention, including atrial endocardial 
lead 150 in the atrium, ventricular endocardial lead 151 
in the ventricle and subcutaneous electrode lead 152. In 
this configuration the atrial endocardial lead 150 is 
charged positively, the ventricular endocardial lead 151 
is charged negatively and a positive charge is applied to 
the subcutaneous electrode lead 152. Thus, at delivery 
there is a bidirectional discharge with the waveform 
directions as shown by arrows CI and C2, from the 
electrode of ventricular lead 151 to both the electrode 
of atrial lead 150 and the electrode of subcutaneous 
electrode lead 152, respectively. 

FIG. 7D depicts a further unidirectional lead config- 
uration according to the invention, including atrial en- 
docardial lead 150 in the atrium, ventricular endocar- 
dial lead 151 in the ventricle and subcutaneous elec- 
trode lead 152. In this configuration the atrial endocar- 
dial lead 150 is uncharged, the endocardial ventricular 
lead 151 is charged negatively and a positive charge is 
applied to the subcutaneous electrode lead 152. Thus, at 
delivery there is a unidirectional discharge with the 
waveform direction as shown by arrow D, from the 
electrode of ventricular lead 151 to the electrode of 
subcutaneous electrode lead 152. 

The electrode configuration of FIG. 7D is suitably 
used in the preferred embodiment for defibrillation 
therapy to the ventricle in the case of VT. The device 
switches to this electrode configuration by means of a 
switching control signal sent from microprocessor 19 to 
defibrillator 16 on line 202 (FIG. 1), and the energy of 
the shock to be delivered is adjusted to the higher en- 
ergy required for defibrillation by means of a ventricu- 
lar endocardial shock energy control signal and a sub- 
cutaneous electrode charge control signal sent from 
microprocessor 19 to defibrillator 16 on lines 208 and 
207, respectively. 

FIG. 7E depicts a further unidirectional lead configu- 
ration according to the invention, including atrial endo- 
cardial lead 150 in the atrium, ventricular endocardial 
lead 151 in the ventricle, and subcutaneous electrode 
lead 152, In this configuration the atrial endocardial 
lead 150 is charged positively, the endocardial ventricu- 
lar lead 151 is charged negatively and no charge is 
applied to the subcutaneous electrode lead 152. Thus, at 
delivery there is a unidirectional discharge with the 
waveform direction as shown by arrow E, from the 
electrode of ventricular lead 151 to the electrode of 
atrial lead 150. 

FIG. 7F depicts another bidirectional lead configura- 
tion according to the invention, including atrial endo- 
cardial lead 150 in the atrium, ventricular endocardial 
lead 151 in the ventricle and subcutaneous electrode 
lead 152. In this configuration the atrial endocardial 
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lead 150 is charged negatively, the ventricular endocar- pacing catheter or le-.;l .110A. L ;id A ®t <s generally 
dial lead 151 is charged negatively and a positive charge similar to lead 110 of FIC . 3 and includ a tip nimbly 
is applied to the subcutaneous electrode lead 152. Thus, 112A having a pacing tip electrode -MA Kid a pacing 
at delivery there is a bidirectional discharge with the ring electrode 116A. The lead 110A inHudes a polyure- 
waveform directions as shown by arrows Fl and F2, 5 thane tube having two small lumens md one large lu- 
from the electrodes both of atrial lead 150 and ventricu- men. Electrical connection is mode to tip electrode 
larlead 151, respectively, to the electrode of subtaneous 114A and ring electrode 116A by two separate wire 
electrode lead 152. conductors (not shown) each of which extends along 

Referring to FIG. 8, a ventricular endocardial defi- the length of one of the lumens of lead 110A and termi- 
briliation electrode lead 151 that may be used in connec- 10 nates in a connector 126A having pins 128A and 130A 
tion with the present invention has there been illustrated which are electrically connected to terminals 114A and 
as part of a tripolar endocardial ventricular defibrilla- 116A, respectively, by the aforesaid conductors. The 
tion and pacing catheter or lead 110. Lead 110 includes pins 128A and 130A are received by the pacemaker 17 
a conventional tip assembly 112 having a distal tip elec- (FIG. 1) and, together with the aforesaid conductors, 
trode 114 and a band or ring electrode 116 for pacing 15 constitute the atrial cardiac lead 21 of FIG. 1 that con- 
and sensing, as is well known in the art. As is also well nects to the pacemaker 17 of FIG. 1 for providing atrial 
known, tip electrode 114 and ring electrode 116 may be pacing stimulation to the heart and for receiving sensed 
formed of a 90% platinum- 10% iridium alloy covered atrial signals therefrom. 

with porous platinum. The lead 110 comprises a poly- As in the case of the lead 110 of FIG. 8, lead 110A of 
urethane tube having two small lumens and one large 20 FIG. 9 includes a hub or Y-connector 132A from which 
lumen (not shown) therein. separate polyurethane tubes 134A and 136A extend to 

Electrical connection is made to tip electrode 114 and connector 126A. The aforesaid wire conductors extend 
ring electrode 116 by two separate wire conductors (not through hub 132A and then through respective tubes 
shown). Each conductor extends along the length of 134A and 136A, thus providing electrical connection to 
one of the lumens of lead 110 and terminates in a con- 25 corresponding ones of the pins 128A and 130A. 
nector 126 of a type well known in the art Connector As before, lead 110A has placed, externally along a 
126 includes pins 128 and 130 which are electrically portion of its length, a cylindrical, braid, cardioverting 
connected to terminals 114 and 116, respectively, by the electrode 142A. Electrical connection to electrode 
aforesaid conductors. The pins 128 and 130 are received 142A is made by collapsing that portion of the braid not 
in the neck (not shown) of the implanted device 10 30 used as part of electrode 142A into a rope (not shown), 
(FIG, 1) and, together with the aforesaid conductors, and passing the rope through a small opening into the 
comprise the ventricular cardiac lead 31 that connects large lumen of the lead 110A, This rope conductor 
to the pacemaker 17 of FIG. 1 for providing ventricular extends into an insulating tube 138A having a first end 
pacing stimulation to the heart and for receiving sensed terminating in hub 132A and a second end terminating 
ventricular signals therefrom. 35 in a defibrillator connector 140A. Connector 140A has 

Lead 110 includes a hub or a Y connector 132 from a connection pin 144A extending therefrom. Connec- 
which separate polyurethane tubes 134 and 136 extend tion pin 144A is electrically connected to the end of the 
to connector 126. The aforesaid wire conductors extend rope conductor and is received in the neck (not shown) 
through hub 132 and then through respective tubes 134 of the device 10 (FIG. 1). The rope conductor, connec- 
and 136, thus providing electrical connection to corre- 40 tor 140A and pin 144A constitute the lead 150 which 
sponding ones of pins 128 and 130. connects to the defibrillator 16 (FIG. 1) for conducting 

Lead 110 has placed, externally along a portion of its endocardial cardioverting/defibrillating shocks 15 to 
length, a cylindrical, braid, cardioverting electrode 142. the atrium of the heart. 

Electrical connection to electrode 142 is made by col- As in the case of the cardioverting electrode 142 of 
lapsing that portion of the braid not used as part of 45 FIG. 8, the cardioverting electrode 142A of FIG. 9 has 
electrode 142 into a rope (not shown), and passing the a substantially larger surface area, and consequently a 
rope through a small opening into the large lumen of the lower electrode impedance, than the surface area and 
lead 110, This rope conductor extends into an insulating impedance of pacing lead electrodes 114A and 116A. 
tube 138 having a first end terminating in hub 132 and a This facilitates the transmission of the cardioversion 
second end terminating in a defibrillator connector 140. 50 shock therapy to the heart. 1 
The connector 140 has a connection pin 144 extending Referring now to FIG. 11, a subcutaneous electrode 
therefrom. Connection pin 144 is electrically connected lead 152 having a preferred form of multi-element, 
to the end of the rope conductor and is received in the braided electrode, shown generally at 90, has there been 
neck (not shown) of the device 10 (FIG. 1). The rope illustrated. An inner tube 92 of, for example, polyure- 
conductor, connector 140 and pin 144 constitute the 55 thane material is surrounded by a cylindrical braid 94 
lead 151 which connects to the defibrillator 16 (FIG. 1) which extends to a distal end 96 of the tube to form a 
for conducting endocardial cardioverting/defibrillating finger 97. Inner tube 92 and braid 94 are terminated by 
shocks 15 to the ventricle of the heart. As is apparent a polyurethane cap 98 which is provided with a reduced 
from an inspection of FIG. 8, the cardioverting/defi- diameter plug portion (not shown) that fits into the 
brillating electrode 142 has a substantially larger elec* 60 distal end 96 of tube 92 and is adhered in place by a 
trode surface area, and consequently a lower electrode . suitable medical adhesive. An outer insulating tube 100, 
impedance, than the surface area and impedance of for example of polyurethane, fits snugly about the prox- 
pacing lead electrodes 114 and 116. This facilitates the imal portion of braid 94. 

transmission of the cardioversion shock therapy to the The proximal ends of each of two braids 104A and 
heart. 65 104B are cut to dimensions slightly longer than the 

Referring now to FIG. 9, an atrial endocardial cardi- distance from distal end 96 to connecting sleeve 102 and 
overting lead 150 has there been illustrated as part of a are wrapped about and braised to metallic sleeve 102. 
J-type tripolar endocardial atrial cardioverting and Braising is used so as to firmly mechanically and electri- 
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cally connect r > ■*:..?» ire sleeve 102, braid 104A 
and braid A©£SJ 10 o. ; ■■•oihir. 

Respective tarsus 'OfA wi;t 3*«5B, preferably formed 
of the same materia? : s i' ; icr tub.: 92 and having a length 
somewhat shorter urin the distance from distal end 96 5 
to connecting sleeve 1$2, are fitted within braids 104A 
and 104B, respectively, to form fingers 107A and 107B 
of stiffness comparable to that of finger 97. 

The distal ends of fingers 107A and 107B are termi- 
nated by caps 108A and 108B, respectively, in the same 10 
manner as described above in connection with cap 98 
and rube 92. A portion of the lead 90, including the 
distal end 99 of outer tube 100, extends distally to a 
region 105. Collapsed portions of braid 104A and 104B 
extend past the proximal ends of tubes 106A and 106B, 15 
and therefore past the proximal ends 101 A and 101B of 
ringers 107A and 107B. These components axe all held 
in a mold (not shown), during manufacture, having a 
cavity into which polyurathane material is placed so as 
to form a bifurcation 103. The fingers 97, 107A and 20 
107B have lateral spacing between them so that they 
may be fitted into adjacent intercostal spaces. To this 
end, a small taper angle may be established between 
outer tube 100 and fingers 107A and 107B. 

Although a multi-fingered subcutaneous braided 25 
electrode 90 has been illustrated in FIG. 11, it is to be 
understood that one or more single-fingered subcutane- 
ous braided electrodes could be utilized in practicing 
the invention, or that more than one of such multi-fin- 
gered subcutaneous electrodes can be employed in uti- 30 
lizing this invention. In use, these electrodes are posi- 
tioned subcutaneously, outside the chest cavity, in prox- 
imity to the heart. 

Referring now to FIG. 10, an alternative embodiment 
of a subcutaneous electrode lead 152 has there been 35 
illustrated. The electrode lead 152 in this embodiment is 
provided with a subcutaneous patch electrode 80 hav- 
ing an insulated back 82 and an active wire mesh elec- 
trode face 84. An insulated electrical conductor 86 ex- 
tends from patch electrode 80 and terminates at a defi- 40 
brillation connector (not shown), similar to connector 
140 of FIG. 8 and having a pin similar to pin 144 of FIG. 
8 extending therefrom. The insulated electrical conduc- 
tor 86 constitutes a portion of the subcutaneous elec- 
trode lead 152 in the embodiment of FIG. 10. 45 

It will be apparent from the foregoing description 
that the present invention provides an improved im- 
plantable device both for the automatic detection of 
atrial arrhythmias, and for providing low energy atrial 
cardioversion therapy for such arrhythmias with mini- 50 
mal tissue damage and power drain. The invention is 
capable of being incorporated within an implantable 
automatic pacemaker defibrillator/cardioverter having 
the ability to provide high energy ventricular defibrilla- 
tion therapy, as well as antitachycardia pacing therapy 55 
and bradycardia support pacing to either or both cham- 
bers of the heart when required. 

Although the invention has been described herein 
with reference to particular embodiments, it is to be 
understood that such embodiments are merely illustra- 60 
tive of the application of the principles of the invention. 
For example, the delivery of a cardioversion shock 
following the detection of an atrial arrhythmia may be 
immediate, or it may be dependent on the charge time of 
the capacitor. Also shock waveforms may be monopha- 65 
sic, biphasic, multiphasic, or may have any waveform 
known in the art of pacing and defibrillating. Alterna- 
tively, the time to the delivery of a shock may depend 



on the hemodynamic condition of the patient, as de- 
scribed in U.S. Pat. No. 4,895,151 to R. Grevis et al., 
entitled "Apparatus and Method for Therapy Adjust- 
ment in Implantable Cardioverter." The device of the 
invention may also include means for delivering an- 
titachycardia and/or bradycardia pacing therapy to 
either the atrium, or the ventricle, or to both the atrium 
and the ventricle. Hence numerous modifications may 
be made and other arrangements may be devised with- 
out departing from the true spirit and scope of the in- 
vention. 
What is claimed is; 

1. An implantable atrial cardioverting device for the 
reversion of atrial tachycardias, comprising: 

means for storing electrical energy; 
means for detecting the presence of an atrial tachy- 
cardia; 

an electrode lead system including a plurality of elec- 
trode leads therein, each of said leads including a 
cardioverting electrode having a substantially 
larger surface area and lower electrode impedance 
than the surface area and impedance of a pacing 
lead electrode, at least one of said leads being an 
atrial endocardial electrode lead; 

a plurality of atrial cardioversion electrode configu- 
rations, each of said configurations including at 
least two of said electrode leads; 

switching means responsive to the detection of an 
atrial tachycardia by said detecting means for se- 
lectively connecting said energy storage means to 
one of said atrial cardioversion electrode configu- 
rations; 

means for setting the level of electrical energy stored 
in said electrical energy storing means to an appro- 
priate level for an atrial cardioversion shock; and, 

means for discharging said stored electrical energy 
across said selected atrial cardioversion electrode 
configuration. 

2. An implantable atrial cardioverting device accord- 
ing to claim 1, wherein at least one of said electrode 
leads is a subcutaneous electrode lead, and wherein at 
least one of said atrial cardioversion electrode configu- 
rations includes the electrode of said subcutaneous elec- 
trode lead and the electrode of said atrial endocardial 
electrode lead. 

3. An implantable atrial cardioverting device accord- 
ing to claim 2, wherein the electrode of said atrial endo- 
cardial electrode lead is negatively charged and the 
electrode of said subcutaneous electrode lead is posi- 
tively charged when said discharging means discharges 
said stored electrical energy across said selected cardio- 
version configuration, so that a unidirectional wave- 
front passes through said electrode configuration. 

4. An implantable atrial cardioverting device accord- 
ing to claim 2, wherein the electrode of said subcutane- 
ous electrode lead is a braid electrode, wherein the 
electrode of said atrial endocardial electrode lead is 
negatively charged and the braid electrode of said sub- 
cutaneous electrode led is positively charged when said 
discharging means discharges said stored electrical en- 
ergy across said selected cardioversion configuration, 
so that a unidirectional wavefront passes through said 
electrode configuration. 

5. An implantable atrial cardioverting device accord- 
ing to claim 2, further including 

means for sensing R-waves and delivering ventricular 
pacing pulses; 
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means responsive both to the detection of o-» ntrial 13. An implantable atrial cardioverting device ac- 

tachycardia and to the absence of an R-wa ve dui- cording to claim 12, wherein the electrode of said atrial 

ing a predetermined period of time following such endocardial electrode lead is negatively charged, the 

detection for delivering a ventricular pacing pulse electrode of said ventricular endocardial electrode lead 

to produce an absolute ventricular refractory con- 5 is positively charged and the electrode of said subcuta- 

dition; and, neous electrode lead is uncharged when said discharge 

means for timing the delivery of said atrial cardiover- means discharges said stored electrical energy across 

sion shock to occur during said absolute ventricu- said selected cardioversion electrode, configuration, so 

lar refractory condition. that a unidirectional wavefront passes through said 

6. An implantable atrial cardioverting device accord- 10 electrode configuration. 

ing to claim 5, further including 14. An implantable atrial cardioverting device ac- 

means responsive both to the detection of an atrial cording to claim 12, wherein the electrode of said atrial 

tachycardia and to the detection of an R-wave endocardial electrode lead is positively charged* the 

during a predetermined period of time following electrode of said ventricular endocardial electrode lead 

such detection for timing the discharging of said 15 is negatively charged and the electrode of said subcuta- 

stored electrical energy to synchronously occur neous electrode lead is uncharged when said discharge 

during a ventricular refractory period which oc- means discharges said stored electrical energy across 

curs following the R-wave. said selected cardioversion electrode configuration, so 

7. An implantable atrial cardioverting device accord- that a unidirectional wavefront passes through said 
ing to claim 1, wherein at least one of said electrode 20 electrode configuration. 

leads is a ventricular endocardial electrode lead, and 15. An implantable atrial cardioverting device ac- 

wherein at least one of said atrial cardioversion elec- cording to claim 12, wherein the electrode of said atrial 

trode configurations includes the electrodes of both said endocardial electrode lead is negatively charged, the 

atrial endocardial electrode lead and said ventricular electrode of said subcutaneous electrode lead is posi- 

endocardial electrode lead. 25 tively charged and the electrode of said ventricular 

8. An implantable atrial cardioverting device accord- endocardial electrode lead is uncharged when said dis- 
ing to claim 7, wherein the electrode of said atrial endo- charge means discharges said stored electrical energy 
cardial lead is negatively charged and the electrode of across said selected cardioversion electrode configura- 
said ventricular endocardial electrode lead is positively tion, so that a unidirectional wavefront passes through 
charged when said discharging means discharges said 30 said electrode configuration. 

stored electrical energy across said selected cardiover- 16. An implantable atrial cardioverting device ac- 

sion electrode configuration, so that a unidirectional cording to claim 12, wherein the electrode of said sub- 

wavefront passes through said electrode configuration. cutaneous electrode lead is a braid electrode, and 

9. An implantable atrial cardioverting device accord- wherein the electrode of said atrial endocardial elec- 
ing to claim 7, wherein the electrode of said atrial endo- 35 trode lead is negatively charged, the braid electrode of 
cardial electrode lead is positively charged and the said subcutaneous electrode lead is positively charged 
electrode of said ventricular endocardial electrode lead and the electrode of said ventricular endocardial elec- 
is negatively charged when said discharging means trode lead is uncharged when said discharge means 
discharges said stored electrical energy across said se- discharges said stored electrical energy across said se- 
lected cardioversion electrode configuration, so that a 40 lected cardioversion electrode configuration, so that a 
unidirectional wavefront passes through said electrode unidirectional wavefront passes through said electrode 
configuration. configuration. 

10. An implantable atrial cardioverting device ac- 17. An implantable atrial cardioverting device ac- 
cording to claim 1, wherein the electrode of said atrial cording to claim 12, wherein the electrode of said ven- 
endocardial electrode lead is positively charged and the 45 tricular endocardial electrode lead : is negatively 
electrode of the other of said leads is negatively charged charged, the electrode of said subcutaneous electrode 
when said discharging means discharges said stored lead is positively charged and the electrode of said atrial 
electrical energy across said selected cardioversion endocardial electrode lead is uncharged when said dis- 
configuration, so that a unidirectional wavefront passes charge means discharges said stored electrical energy 
through said electrode configuration. 50 across said selected cardioversion electrode configura- 

11. An implantable atrial cardioverting device ac- tion, so that a unidirectional wavefront passes through 
cording to claim 1, wherein the electrode of said atrial said electrode configuration. 

endocardial electrode lead is negatively charged and 18. An implantable atrial cardioverting device ac- 
the electrode of the other of said leads is positively cording to claim 12, wherein the electrode of said sub- 
charged when said discharging means discharges said 55 cutaneous electrode lead is a braid electrode, and 
stored electrical energy across said selected cardiover- wherein the electrode of said ventricular endocardial 
sion configuration, so that a unidirectional wavefront electrode lead is negatively charged, the braid electrode 
passes through said electrode configuration. of said subcutaneous electrode lead is positively 

12. An implantable atrial cardioverting device ac- charged and the electrode of said atrial endocardial 
cording to claim 1, wherein said electrode lead system 60 electrode lead is uncharged when said discharge means 
includes three electrode leads therein, wherein one of discharges said stored electrical energy across said se- 
said electrode leads is a subcutaneous electrode lead, lected cardioversion electrode configuration, so that a 
wherein one of said electrode leads is a ventricular unidirectional wavefront passes through said electrode 
endocardial electrode lead, and wherein at least one of configuration. 

said atrial cardioversion electrode configurations in- 65 19. An implantable atrial cardioverting device se- 
cludes the electrodes of each of said atrial endocardial cording to claim 12, wherein the electrodes of said atrial 
electrode lead, said subcutaneous electrode lead and endocardial electrode, lead and said subcutaneous elec- 
said ventricular endocardial electrode lead. trode lead are positively charged and the electrode of 
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i : ventricular endocardial electrode lead is negatively 
f;birp,cd when said discharge means discharges said 
'jiacd electrical energy across said selected cardiover- 
sion electrode configuration, so that a bidirectional 
wiivefront passes through said electrode configuration. 5 

'30. An implantable atrial cardioverting device ac- 
cording to claim 12, wherein each of said electrodes is a 
braid electrode, and wherein the braid electrodes of said 
atrial endocardia] electrode lead and said subcutaneous 
electrode lead are positively charged and the electrode 10 
of said ventricular endocardial electrode lead is nega- 
tively charged when said discharge means discharges 
said stored electrical energy across said selected cardio- 
version electrode configuration, so that a bidirectional 
wavefront passes through said electrode configuration. 15 

21. An implantable atrial cardioverting device ac- 
cording to claim 12, wherein the electrodes of said atrial 
and ventricular endocardial electrode leads are braid 
electrodes and the electrode of said subcutaneous elec- 
trode lead is a patch electrode, and wherein the braid 20 
electrodes of said atrial endocardial electrode lead and 
said ventricular endocardial electrode lead are nega- 
tively charged and the patch electrode of said subcuta- 
neous electrode lead is positively charged when said 2J 
discharge means discharges said stored electrical en- 
ergy across said selected cardioversion electrode con- 
figuration, so that a bidirectional wavefront passes 
through said electrode configuration. 

22. An implantable atrial cardioverting device ac- 30 
cording to claim 12, wherein the electrodes of said atrial 
and ventricular endocardial electrode leads and the 
electrode of said subcutaneous lead are braid electrodes, 
and wherein the braid electrode of said ventricular 
endocardial electrode lead is negatively charged, the 35 
braid electrode of said subcutaneous electrode lead is 
positively charged and the braid electrode of said atrial 
endocardial electrode lead is uncharged when said dis- 
charge means discharges said stored electrical energy 
across said selected cardioversion electrode configura- 40 
tion, so that a unidirectional wavefront passes through 
said electrode configuration. 

23. An implantable atrial cardioverting device ac- 
cording to claim 12, wherein the electrodes of said atrial 
and ventricular endocardial electrode leads and the 45 
electrode of said subcutaneous electrode lead are braid 
electrodes, and wherein the braid electrode of said atrial 
endocardial electrode lead is negatively charged, the 
braid electrode of said subcutaneous electrode lead is 
positively charged and the braid electrode of said ven- 50 
tricular endocardial lead is uncharged when said dis- 
charge means discharges said stored electrical energy 
across said selected cardioversion electrode configura- 
tion, so that a unidirectional wavefront passes through 
said electrode configuration. 55 

24. An implantable atrial cardioverting device ac- 
cording to claim 12, wherein the electrodes of said atrial 
and ventricular endocardial electrode leads are braid 
electrodes and the electrode of said subcutaneous elec* 
trode lead is a patch electrode, and wherein the braid 60 
electrode of said atrial endocardial electrode lead is 
negatively charged, the patch electrode of said subcuta- 
neous electrode lead is positively charged and the elec- 
trode of said ventricular endocardial electrode lead is 
uncharged when said discharge means discharges said 65 
stored electrical energy across said selected cardiover- 
sion electrode configuration, so that a bidirectional 
wavefront passes through said electrode configuration. 



25. As implantable atrial cardioverting device ac- 
cording to any one of claims 1-24, further including 
means for delivering atrial and ventricular bradycardia 
and antitachycardia pacing therapy. 

26. An implantable atrial cardioverting device ac- 
cording to any one of claims 3, 4, 8, 9, 10, 11 and 13-24, 
wherein the waveform of said discharged stored electri- 
cal energy is monophasic. 

27. An implantable atrial cardioverting device ac- 
cording to any one of claims 3, 4, 8, 9, 10, 11 and 13-24 
wherein the waveform of said discharged stored electri- 
cal energy is biphasic. 

28. An implantable cardioverting/defibrillating de- 
vice for the reversion of tachycardias, comprising: 

means for storing electrical energy; 
means for detecting the presence of an atrial tachy- 
cardia; 

means for detecting the presence of a ventricular 
tachycardia; 

an electrode lead system including a plurality of elec- 
trode leads therein, each of said leads including a 
cardioverting electrode having a substantially 
larger surface area and lower electrode impedance 
than the surface area and impedance of a pacing 
lead electrode, at least a first one of said leads being 
an atrial endocardial electrode lead and a second 
one of said leads being a ventricular endocardial 
electrode lead; 

a plurality of atrial cardioversion electrode configu- 
rations, each of said configurations including at 
least two of said electrode leads; 

a plurality of ventricular defibrillating electrode con- 
figurations, each of said configurations including at 
least two of said electrode leads; 

first switching means responsive to the detection of 
an atrial tachycardia by said atrial tachycardia 
detecting means for selectively connecting said 
energy storage means to one of said atrial cardio- 
version electrode configurations; 

second switching means responsive to the detection 
of a ventricular tachycardia by said ventricular 
tachycardia detecting means for selectively con- 
necting said energy storage means to one of said 
ventricular defibrillating electrode configurations; 

means for setting the level of electrical energy stored 
in said electrical energy storing means to an appro- 
priate level for an atrial cardioversion shock; 

means for setting the level of electrical energy stored 
in said electrical energy storing means to an appro- 
priate level for a ventricular defibrillation shock; 
and, . 

means for discharging said stored electrical energy 
across a selected one of said atrial and ventricular 
electrode configurations. 

29. An implantable cardioverting/defibrillating de- 
vice according to claim 28, further including 

means for sensing R-waves and delivering ventricular 
pacing pulses; 

means responsive both to the detection of an atrial 
tachycardia and to the absence of an R-wave dur- 
ing a predetermined period of time following such 
detection for delivering a ventricular pacing pulse 
to produce a temporary ventricular refractory con- 
dition; and, 

means for timing the delivery of said atrial cardiover- 
sion shock to occur during said temporary ventric- 
ular refractory condition. 
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r M . An implantable atrial cardioverting device ac- ventricular endocardial electrode lead is uncharged 

corcing vi claim 29, further including when said discharge means discharges said stored elec- 

ni-ians . osponsive both to the detection of an trial trical energy across said selected one of said atrial and 

tachycardia and to the detection of an R-wave ventricular electrode configurations, so that a unidirec- 

during a predetermined period of time following 5 tional wavefront passes through said electrode configu- 

such detection for timing the discharging of said ration. : 

stored electrical energy to synchronously occur 37. An implantable cardioverting/defibrillating de- 
clining a ventricular refractory period which oc- vice according to claim 31, wherein the electrodes of 
curs following the R-wave. said atrial and ventricular endocardial electrode leads 

31. An implantable cardioverting/defibrillating de- 10 are negatively charged and the electrode of said subcu- 
vice according to claim 30, wherein said electrode lead taneous electrode lead is positively charged when said 
system includes at least three electrode leads therein, discharge means discharges said stored electrical en- 
wherein at least one of said electrode leads in said elec- ergy across said selected one of said atrial and ventricu- 
trode lead system is a subcutaneous electrode lead, Jar electrode configurations, so that a bidirectional 
wherein at least one of said atrial cardioversion elec- 15 wavefront passes through said electrode configuration, 
trode configurations includes the electrode of said sub- 38. An implantable cardioverting/defibrillating de- 
cutaneous electrode lead and the electrode of said atrial vice according to claim 31, wherein the electrode of 
endocardial electrode lead, and wherein at least one of said ventricular endocardial electrode lead is negatively 
said ventricular defibrillation electrode configurations charged, the electrode of said subcutaneous electrode 
includes the electrode of said subcutaneous electrode 20 lead is positively charged and the electrode of said atrial 
lead and the electrode of said ventricular endocardial endocardial electrode lead is uncharged when said dis- 
electrode lead. charge means discharges said stored electrical energy 

32. An implantable cardioverting/defibrillating de- across said selected one of said atrial and ventricular 
vice according to any one of claims 28-30, wherein the electrode configurations, so that a unidirectional wave- 
electrode of said atrial endocardial lead is negatively 25 front passes through said electrode configuration, 
charged and the electrode of said ventricular endocar- 39. An implantable cardioverting/defibrillating de- 
dial electrode lead is positively charged when said dis- vice according to claim 31, wherein the electrodes of 
charging means discharges said stored electrical energy said atrial endocardial electrode lead and said subcuta- 
across said selected one of said atrial and ventricular neous electrode lead are positively charged and the 
electrode configurations, so that a unidirectional wave- 30 electrode of said ventricular endocardial electrode lead 
front passes through said electrode configuration. is negatively charged when said discharge means dis- 

33. An implantable cardioverting/defibrillating de- charges said stored electrical energy across said se- 
vice according to any one of claims 28-30, wherein the lected one of said atrial and ventricular electrode con- 
electrode of said atrial endocardial electrode lead is figurations, so that a bidirectional wavefront passes 
positively charged and the electrode of said ventricular 35 through said electrode configuration. 

endocardial electrode lead is negatively charged when 40. An implantable cardioverting/defibrillating de- 
said discharging means discharges said stored electrical vice according to any one of claims 31 and 34-39, 
energy across said selected one of said atrial and ven- wherein each of said electrodes is a braid electrode, 
tricular electrode configurations, so that a unidirec- 41. An implantable cardiovertm^defibrillating de- 
tional wavefront passes through said electrode configu- 40 vice according to any one of claims 31 and 34-39, 
rat i on . wherein the electrodes of said atrial and ventricular 

34. An implantable cardioverting/defibrillating de- endocardial electrode leads are braid electrodes and 
vice according to claim 31, wherein the electrode of wherein the electrode of said subcutaneous electrode 
said atrial endocardial electrode lead is negatively lead is patch electrode. 

charged, the electrode of said ventricular endocardial 45 42. An implantable cardioverting/defibrillating de- 
electrode lead is positively charged and the electrode of vice according to any one of claims 28-31, wherein the 
said subcutaneous electrode lead is uncharged when waveform of said discharged stored electrical energy is 
said discharge means discharges said stored electrical moriophasic. 

energy across said selected one of said atrial and ven- 43. An implantable wdiovertrng/defibrillating de- 

tricular electrode configurations, so that a unidirec- 50 vice according to any one of claims 28-31, wherein the 

tional wavefront passes through said electrode configu- waveform of said discharged stored electrical energy is 

ration. biphasic. 

35. An implantable cardioverting/defibriilating de- 44. An implantable OTmoveitmg/defibrillating de- 
vice according to claim 31, wherein the electrode of vice according to any one of claims 28-31, further in- 
said atrial endocardial electrode lead is positively 55 eluding means for delivering atrial and ventricular 
charged, the electrode of said ventricular endocardial bradycardia and antitachycardia pacing therapy, 
electrode lead is negatively charged and the electrode 45. A method of operating an implantable atrial tach- 
of said subcutaneous electrode lead is uncharged when ycardia cardioverting device, said device including an 
said discharge means discharges said stored electrical electrode lead system having a plurality of electrode 
energy across said selected one of said atrial and ven- 60 leads therein, each of which leads includes a cardiovert- 
tricular electrode configurations, so that a unidirec- ing electrode having a substantially larger surface area 
tional wavefront passes through said electrode configu- and lower electrode impedance than the surface area 
ration. and electrode impedance of a pacing lead electrode, at 

36. An implantable cardioverting/defibrillating de- least one of said leads being an atrial endocardial elec- 
vice according to claim 31, wherein the electrode of 65 trode lead, said device further including a plurality of 
said atrial endocardial electrode lead is negatively atrial cardioversion electrode configurations, each of 
charged, the electrode of said subcutaneous electrode said configurations including at least two of said elec- 
lead is positively charged and the electrode of said trode leads, said method comprising the steps of: 
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A) detecting the presence of an atrial tachycardia; 51. A Method of operating an implantable atrial tach- 

B) storing a charge of electrical energy at an appro- ycardia eardioverting device according to claim 45, 
priate level for an atrial cardioversion shock; wherein :>atd electrode lead system includes three elec- 

C) connecting said stored charge of electrical energy trode leads therein, one of said electrode leads being a 
to one of said electrode configurations; 5 subcutaneous electrode lead and another of said elec- 

D) delivering cardioversion shock therapy across trode leads being a ventricular endocardial electrode 
said one of said electrode configurations; lead, and wherein said step C) of connecting said stored 

E) determining whether said shock therapy has re- charge of electrical energy to one of said electrode 
verted said atrial tachycardia and, if it has not, configurations comprises the sub-step of connecting 

F) storing another charge of electrical energy at an 10 said stored charge of electrical energy to said electrode 
appropriate level for an atrial cardioversion shock; configuration in such a manner that the electrode of said 

G) connecting said stored other charge of electrical atrial endocardial electrode lead receives a negative 
energy to another one of said electrode conflgura- charge, the electrode of said ventricular endocardial 
tions; and, electrode lead receives a positive charge and the elec- 

H) delivering cardioversion shock therapy across 15 trode of said subcutaneous electrode lead receives no 
said other one of said electrode configurations. charge when said cardioversion shock therapy is deliv- 

46. A method of operating an implantable atrial tach- ered, whereby a unidirectional cardioversion wavefront 
ycardia cardioverting device according to claim 45, passes through said electrode configuration upon such 
wherein one of said electrode leads comprises a subcu- delivery. 

taneous electrode lead, and wherein said step C) of 20 52. A method of operating an implantable atrial tach- 

connecting said stored charge of electrical energy to ycardia cardioverting device according to claim 45, 

one of said electrode configurations comprises the sub- wherein said electrode lead system includes three elec- 

step of connecting said stored charge of electrical en- trode leads therein, one of said electrode leads being a 

ergy to an electrode configuration that includes said subcutaneous electrode lead and another of said elec- 

atrial endocardial electrode lead and said subcutaneous 25 trode leads being a ventricular endocardial electrode 

electrode lead. lead, and wherein said step Q of connecting said stored 

47. A method of operating an implantable atrial tach- charge of electrical energy to one of said electrode 
ycardia cardioverting device according to claim 46, configurations comprises the sub-step of connecting 
wherein said sub-step includes the further substep of said stored charge of electrical energy to said electrode 
connecting said stored charge of electrical energy to 30 configuration in such a manner that the electrode of said 
said electrode configuration in such a manner that the atrial endocardial electrode lead receives a negative 
electrode of said atrial endocardial electrode lead re- charge, the electrode of said subcutaneous electrode 
ceives a negative charge and the electrode of said sub- lead receives a positive charge and the electrode of said 
cutaneous electrode lead receives a positive charge ventricular endocardial electrode lead receives no 
when said cardioversion shock therapy is delivered, 35 charge when said cardioversion shock therapy is deliv- 
whereby a unidirectional cardioversion wavefront ered, whereby a unidirectional cardioversion wavefront 
passes through said electrode configuration upon such passes through said electrode configuration upon such 
delivery. delivery. 

48. A method of operating an implantable atrial tach- 53. A method of operating an implantable atrial tach- 
ycardia cardioverting device according to claim 45, 40 ycardia cardioverting device according to claim 45, 
wherein said electrode lead system includes three elec- wherein said electrode lead system includes three elec- 
trode leads therein, one of said electrode leads being a trode leads therein, one of said electrode leads being a 
subcutaneous electrode lead and another of said elec- subcutaneous electrode lead and another of said elec- 
trode leads being a ventricular endocardial electrode trode leads being a ventricular endocardial electrode 
lead, said method including the further step of: 45 lead, and wherein said step C) of connecting said stored 

I) Repeating steps E), F), G), and H). charge of electrical energy to one of said electrode 

49. A method of operating an implantable atrial tach- configurations comprises the sub-step of connecting 
ycardia cardioverting device according to claim 45, said stored charge of electrical energy to said electrode 
wherein one of said electrode leads comprises a ventric- configuration in such a manner that the electrodes of 
ular endocardial electrode lead, and wherein said step 50 said atrial endocardial electrode lead and said subcuta- 
C) of connecting said stored charge of electrical energy neous patch electrode lead each receive a positive 
to one of said electrode configurations comprises the charge, and the electrode of said ventricular endocar- 
sub-step of connecting said stored charge of electrical dial electrode lead receives a negative charge when said 
energy to an electrode configuration that includes said cardioversion shock therapy is delivered, whereby a 
atrial endocardial electrode lead and said ventricular 55 bidirectional cardioversion wavefront passes through 
endocardial electrode lead. said electrode configuration upon such delivery. 

50. A method of operating an implantable atrial tach- 54. A method of operating an implantable atrial tach- 
ycardia cardioverting device according to claim 49, ycardia cardioverting device according to claim 45, 
wherein said sub-step includes the further substep of wherein said electrode lead system includes three elec- 
connecting said stored charge of electrical energy to 60 trode leads therein, one of said electrode leads being a 
said electrode configuration in such a manner that the subcutaneous electrode lead and another of said elec- 
electrode of said atrial endocardial electrode lead re- trode leads being a ventricular endocardial electrode 
ceives a negative charge and the electrode of said ven- lead, and wherein said step C) of connecting said stored 
tricular endocardial electrode lead receives a positive charge of electrical energy to one of said electrode 
charge when said cardioversion shock therapy is deliv- 65 configurations comprises the sub-step of connecting 
ered, whereby a unidirectional cardioversion wavefront said stored charge of electrical energy to said electrode 
passes through said electrode configuration upon such configuration in such a manner that the electrode of said 
delivery. atrial endocardial electrode lead receives no charge, the 



Page 39 (SGetzow, 12/26/2000, EAST Version: 1.01.0015) 



25. 



26 



electrode of said ventricular endocardial eleciie V; 
receives a negative charge and the electrode r?f :oid 
subcutaneous electrode lead receives a positive vlnvge 
when said cardioversion shock therapy is delivered, 
whereby a unidirectional cardioversion wavefront 
passes through said electrode configuration upon :;uch 
delivery. 

55. A method of operating an implantable atrial tach- 
ycardia cardioverting device according to claim 45, 
wherein said electrode lead system includes three elec- 
trode leads therein, one of said electrode leads being a 
subcutaneous electrode lead and another of said elec- 
trode leads being a ventricular endocardial electrode 
lead, and wherein said step C) of connecting said stored 



10 



idar refractory period which occurs following said 
R-wave. 

58. A method of operating an implantable tachycar- 
dia converting device, said device including an elec- 
trode lead system having a plurality of electrode leads 
therein, each of which leads includes a cardioverting 
electrode having a substantially larger surface area and 
lower impedance than the surface area and impedance 
of a pacing lead electrode, at least one of said leads 
being an atrial endocardial electrode lead and one of 
said leads being a ventricular endocardial electrode 
lead, said device further including a plurality of cardio- 
version electrode configurations, each of said configu- 
rations including at least two of said electrode leads, 



charge of e.ectrical energy ,o one of said electrode « *i™*«™^^ a t 
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configurations comprises the sub-step of connecting - 
said stored charge of electrical energy to said electrical 
configuration in such a manner that the electrode of said 
atrial endocardial electrode lead receives a positive 
charge, the electrode of said ventricular endocardial 
electrode lead receives a negative charge and the elec- 
trode of said subcutaneous electrode lead receives no 
charge when said cardioversion shock therapy is deliv- 
ered, whereby a unidirectional cardioversion wavefront 25 
passes through said electrode configuration upon such 
delivery. 

56. A method of operating an implantable atrial tach- 
ycardia cardioverting device according to claim 45, 
which, prior to the step (D) delivery of cardioversion ^ 
shock therapy, includes the sub-steps of awaiting the 
occurence of an R-wave during a predetermined time 
period following the detection of said atrial tachycar- 
dia; in the absence of the occurence of an R-wave dur- 
ing said predetermined time period, delivering a ven- 35 
tricular pacing pulse to produce a temporary ventricu- 
lar refractory condition; and, timing the delivery of the 
step (D) cardioversion shock therapy to occur during 
said temporary ventricular refractory condition. 

57. A method of operating an implantable atrial tach- 40 
ycardia cardioverting device according to claim 45, 
which, prior to the step (D) delivery of cardioversion 
shock therapy, includes the sub-steps of awaiting the 



A) detecting the presence of a tachycardia and classi- 
fying the tachycardia as either an atrial or a ven- 
tricular tachycardia; 

B) storing a charge of electrical energy at an appro- 
priate level for delivering cardioversion shock 
therapy corresponding to the type of tachycardia 
detected; 

C) connecting said stored charge of electrical energy 
to one of said electrode configurations; 

D) delivering said corresponding cardioversion 
shock therapy across said one of said electrode 
configurations; 

E) again detecting the presence of a tachycardia and 
classifying the tachycardia as either an atrial or a 
ventricular tachycardia; 

F) storing another charge of electrical energy at an 
appropriate level for delivering cardioversion 
shock therapy corresponding to the type of the 
tachycardia detected in step (E); 

G) connecting said stored other charge of electrical 
energy to another one of said electrode configura- 
tions; and, 

H) delivering said corresponding cardioversion 
shock therapy across said other one of said elec- 
trode configurations. 

59. A method of operating an implantable tachycar- 
dia cardioverting device according to claim 58, wherein 
said electrode lead system includes three electrode leads 
therein, one of said electrode leads being a subcutaneous 



occurence of an R-wave during a predetennined time 

period following the detection of said atrial tachycar- 45 electrode lead, said method including the further steps 
dia; and, if an R-wave is detected during said time per- of: 

iod, timing the delivery of the step (D) cardioversion I) repeating steps E), F), G) and H). 
shock therapy to synchronously occur during a ventric- * * * * * 
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